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TOPICS

TO THE READER:

This FIFTH Edition contains the data of following new devices in addition to the
descriptions in FOURTY Edition.

1. DRAM 3. SRAM
MSM511000A MSM51257AL
MSM511001A MSM51257ALL
MSM511002A
MSM514256A 4. MROM
MSM514258A MSM534000A
MSM514100 MSM534001A
MSM514102 MSM534002A
MSM514400
MSM514402 5. E2PROM

MSM28C256

2. SIMM/SIMD

MSC2312A-XXYS9/KS9

6. ASMP
MSC2313A-XXYS8/KS8 MSM514212
MSC2320A-XXYS9 MSM51C262

MSC2321A-XXYS18
MSC2328A-XXYS2/KS2
MSC2331A-XXYS3/KS3
MSC2340-XXYS9/KS9
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m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS m n

® DYNAMIC RAMS

Num- Power
Mem- . Memory ber of | Access | Cycle Cor:is:nmp- Power .
MocelName || (Creut | Contgurs | Foe || Time | e | wAx | Guphs | Equialnt
ity Pack- | (ns) (ns) Operating/ (V)
age Standby
MSM3764A-12 120 230 330/28
64k | Dynamic 65,536x1 16 +5
MSM3764A-15 150 260 303728
MSM41256A-10 100 200 303/28
MSM41256A-12 | 256k | Dynamic 262,144x1 16 120 220 275/28 +5
MSM41256A-15 150 260 248/28
MSM41257A-10 100 200 330/28
MSM41257A-12 | 256k | Dynamic 262,144x1 16 120 220 303728 +5
MSM41257A-15 150 260 275/28
MSM41464-10 100 200 385/28
MSM41464-12 | 256k | Dynamic 65,536x4 18 120 230 358/28 +5
MSM41464-15 150 260 330/28
MSM51C256-80 80 145 330/20
MSM51C256-10 | 256k | Dynamic 262,144x1 16 100 175 275/20 +5
MSM51C256-12 120 205 248/20
MSM511000A-70 18 70 140 468/5.5
MSM511000A-80 80 160 413/5.5
MSM511000A-10 | 1M Dynamic | 1,048,576x1 | 26 100 190 358/5.5 +5
MSM511000A-8A 80 160 413/5.5
MSM511000A-1A 20 100 190 358/5.5
MSM511001A-70 18 70 140 468/5.5
MSM511001A-80 80 160 413/5.5
MSM511001A-10 | 1M Dynamic | 1,048,576x1 | 26 100 190 358/5.5 +5
MSM511001A-8A 80 160 413/5.5
MSM511001A-1A 20 100 190 358/5.5
MSM511002A-70 18 70 140 468/5.5
MSM511002A-80 80 160 413/5.5
MSM511002A-10 | 1M Dynamic | 1,048,576x1 | 26 100 190 358/5.5 +5
MSM511002A-8A 80 160 413/55
MSM511002A-1A 20 100 190 358/5.5
MSM514256A-70 70 140 468/5.5
MSM514256A-80 20 80 160 413/5.5
MSM514256A-10 | 1M Dynamic 262,144x4 100 190 358/5.5 +5
MSM514256A-8A 26 80 160 413/5.5
MSM514256A-1A 100 190 358/5.56




= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS »

Num. Consump-
Mem- o Memory ber of chess Cycle tion Power .
ModeiNeme (o0, | (I, | Configwa- | B0 lme | me | max | Suem | Eqpivmen
ity Pack- | (ns) (ns) Operating/ V)
age ‘ Standby
MSM514258A-70 20 70 140 468/5.5
MSM514258A-80 80 160 413/5.5
MSM514258A-10 | 1M Dynamic 262,144x4 26 100 190 358/5.5 +5
MSM514258A-8A 80 160 413/5.5
MSM514258A-1A 20 100 190 358/5.5
MSM514100-80 18 80 160 495/5.5
MSM514100-8A 4aM Dynamic | 4,194,304x1 | 26 80 160 495/5.5 +5
MSM514100-10 20 100 190 440/5.5
MSM514102-80 18 80 160 495/5.5
MSM514102-8A am Dynamic | 4,194,304x1 | 26 80 160 495/5.5 +5
MSM514102-10 20 100 190 440/5.5
MSM514400-80 20 80 160 495/5.5
MSM514400-8A 4am Dynamic | 1,048,576x4 | 26 80 160 495/5.5 +5
MSM514400-10 20 100 190 440/5.5
MSM514402-80 20 80 160 495/5.5
MSM514402-8A am Dynamic | 1,048,576x4 | 26 80 160 495/5.5 +5
MSM514402-10 20 100 190 440/5.5




m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS m “

® SIP/SIMM MODULE

Num- Conmumno-
Mem- o Memory ber of chess Cycle tion P- | Power .
ModolName |20 | (Greult | confgura- | Pe | Time”| Time | A | Suply | Equivalens
- unetio tion Pack-| (ns) | (ns) (mw) W) “
ty age Operating/
Standby
MSC2304-10
YSB/KSE 100 | 200 | 2640/220
MSC2304-12 Socket
04- 2M | Insertable | 262,144x8 | 30 | 120 | 220 |2420/220 | +5
YS8/KS8
MSC2304-15 Modute
YSB/KSS 150 | 260 | 2200/220
MSC2304-10
YSo/KS9 100 | 200 |2970/248
Socket
MSC2304-12 2M | Insertable | 262,144x8 | 30 | 120 | 220 |2723/248 | +5
YS9/KS9
MSC2304-15 Modute
YS9 KS9 150 | 260 | 2475/248
MSC2307-10
YSo/KSY . 100 | 200 |2970/248
ocket
MSC2307-12 2M | Insertable | 262,144x8 | 30 | 120 | 220 |2723/248 | +5
YS9/KS9
MSC2307-15 Module
YSO/KSS 150 | 260 |2475/248
MSC2312A-80 80 160 |3713/495
MSC2312A-10 Socket 100 190 |3218/495
9M Insertable | 1,048,576x9 | 30 +5
MSC2312A-8A Module 80 160 |3713/495
MSC2312A-1A 100 | 190 |3218/49.5
MSC2313A-80 80 160 | 3300/44.0
MSC2313A-10 Socket 100 | 190 | 2860/44
8Mm Insertable | 1,048,576x8 | 30 +5
MSC2313A-8A Module 80 160 | 3300/44
MSC2313A-1A 100 190 | 2860/44
MSC2320A-80 80 160 | 4410/99
MSC2320A-10 Socket 100 190 | 3780/99
8M | Insertable | 262,144x36 | 72 +5
MSC2320A-8A Module 80 160 | 4410/99
MSC2320A-1A 100 | 190 | 3780/99
MSC2321A-80 80 160 | 4568/198
MSC2321A-10 Socket 100 190 | 3938/198
16M | Insertable | 524,288x36 72 +5
MSC2321A-8A Module 80 160 | 4568/198
MSC2321A-1A 100 190 | 3938/198
MSC2328A-80 80 160 | 825/198
MSC2328A-10 Socket 100 190 | 715/198
2M Insertable 262,144x8 30 +5
MSC2328A-8A Module 80 160 | 825/198
MSC2328A-1A 100 190 | 715/198
MSC2340-80
Y50 KS9 . 80 160 |4455/49.5
ocket
MSC2340-8A
S0 KS9 am In'\;er;a:)le 4,194,304x9 | 30 80 160 |4455/495 | .
odule
MSC2340-10
VEB/KS9 100 190 |3960/49.5




= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS »
n ® CMOS STATIC RAMS

Num- c Power
Mem- ber of | Access | Cycle onsuUMP- | power .
Model Name | OV | Circuit | JOSON | Ping' | ‘Time | Time | b | Supply | SN
Capac-| Function ti ogn per MAX MIN (mw) Voltage Device
ity Pack- | (ns) (ns) o ting/ V)
age perating
Standby
MSM5165AL-10 Fully Static 100 100 230/0.55
MSM5165AL-12 64k |Common 8,192x8 28 120 120 303/0.55 +5
MSM5165AL-15 170 150 1560 | 375/0.55
MSM5188-45 Fully Static 45 45 605/11
MSM5188-55 64k |[Common 16,384x4 22 55 55 605/11 +5
MSM5188-70 170 70 70 605/11
MSM51257L-85 Fully Static 85 85 440/0.55
MSM51257L-100 256k |Common 32,768x8 28 100 100 385/0.55 +5
MSM51257L-120 170 120 120 | 385/0.55
MSM51257AL-85 Fully Static 85 85 440/0.55
MSM51257AL-100 | 256k |Common 32,768x8 28 100 100 385/0.55 +5
MSM51257AL-120 V0 120 | 120 | 385/0.55
MSM51257ALL-85 Fully Static 85 85 440/0.11
MSM51257ALL-100 | 256k |Common 32,768x8 28 100 100 385/0.11 +5
MSM51257ALL-120 170 120 120 | 385/0.11
MSM51256-10 : 100 100 |385/0.0055
Fully Static
256k 32,768x8 28 +5
MSM51256-120 Common /0 120 | 120 |385/0.0055
* MASK ROMS
Power
Num-
Consump-
Mem- ber of | Access | Cycle N Power .
Model Name ory Circuit c“g:f';‘?l%_ Pins | Time | Time htlitl,\';( Supply Et?:;\;a-
Capac-| Function ti ogn per | MAX MIN (mw) Voltage Device
Paac:- (ns) (ns) Operating/
9 Standby
MSM3864 64k | Fully Static 8,192x8 28 250 250 550/165 +5
MSM38128A 128k | Fully Static | 16,384x8 28 250 250 550/165 +5
MSM38256 256k | Fully Static | 32,768x8 28 250 250 660/165 +5
MSM38256A 256k | Fully Static | 32,768x8 28 150 150 330/33 +5
MSM53256 256k | Fully Static | 32,768x8 28 150 150 83/0.65 +5
MSM531000 1M | Fully Static | 131,072x8 28 250 250 83/0.55 +5
MSM531001 1M | Fully Static | 131,072x8 32 120 120 110/0.28 +5
MSM534000 4M | Fully Static | 262,144x16 | 40 200 200 275/0.55 +5
MSM534000A 4M | Fully Static | 262,144x16 | 40 150 150 274/0.28 +5
MSM534001A 4M | Fully Static | 524,288x8 32 150 150 275/0.28 +5
MSM534002A 4M | Fully Static | 262,144x16 | 40 150 150 275/0.28 +5
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® EPROMS
Power
Mem- o Memory y(;"l;f Access | Cycle Cor;is;:np- Power .
ModeiName |20 | (St | Contours | P | Tine | Tre | A | Supely | Equivlen
ity on Pack-| (ns) | (ns) |gpime) 17 (V)
age Standby
MSM2764A 64k EPROM 8,192x8 28 120 120 525/184 +5 276A
MSM27128A 128k EPROM 16,384x8 28 120 120 525/184 +5 27128A
MSM27256 256k | EPROM 32,768x8 28 150 150 525/184 +5 27256
MSM27512 512k EPROM 65,536x8 28 150 150 525/184 +5 27512
MSM271000 ™ EPROM 131,072x8 32 120 120 525/184 +5 27010
MSM271024 ™ EPROM 65,636x16 40 120 120 630/184 +5 27210
MSM27C256 256k EPROM 32,768x8 28 100 100 165/0.55 +5 27C256
MSM27C256H 256K EPROM 32,768x8 28 55 55 525/184 +5 27HC256
MSM27C1024 ™ EPROM 65,536x16 40 100 100 175/0.55 +5 27C210
MSM27C2000-10 100 100 385/28
MSM27C2000-12 | 2M EPROMS 262,144x8 32 120 120 385/28 +5 27C020
MSM27C2000-15 150 150 385/28
MSM27C2048-10 100 100 550/28
MSM27C2048-12 | 2M EPROMS 131,072x6 40 120 120 550/28 +5 27C220
MSM27C2048-15 150 150 550/28
MSM2764AZB 64k | EPROMS 8,192x8 28 150 150 525/184 +5 P2764A
MSM27128AZB 128k | EPROMS 16,984x8 28 150 150 525/184 +5 P27128A
MSM27256 256k | EPROMS 32,768x8 28 170 170 525/184 +5 P27256A
MSM2751228B 512k | EPROMS 65,536x8 28 200 200 525/184 +5 P27512
150 150 525/184
MSM271000z8 ™ EPROMS 131,072x8 32 150 150 525/184 +5 P27010
MSM271024z8 ™ EPROMS 65,536x16 40 170 170 630x184 +5 P27210
MSM27C256HZB | 256k | EPROMS 32,768x8 28 70 70 525x184 +5
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e E2PROMS
Power
Num-
Consump-
Model N M:r'y“ ’ Circuit cM:fr_nory blgirn(s)f A'l(':i(lif:s %l:\lg I\t,:(;\';( gﬁ;‘;ﬁ; Equivalent
odelName  |capac-| Function onfigura- | ner | MAX | MIN Voltage | Device
P tion P (mw)
ity ack- | (ns) (ns) Operating/ V)
age Standby
MSM16811 1k | E2PROM 6‘1‘;;%" 8 | *250 | **1.0 | 165/055 | +5 | CAT93C46
MSM16811P 1k | E2PROM 6‘1‘;;3;' 8 | *250 | **1.0 | 165/055 | +5 |CAT93C46l
MSM16911 1k | E2PROM 6‘1‘;;28‘” 8 | *250 | *1.0 | 165/055 | +6 |CATs9C11
MSM16911P 1k | E2PROM 6‘1";;2;' 8 | *250 | **1.0 | 165/055 | +5 |CAT59CI1I
MSM16812 2 | E2PROM 1228;‘;58‘" 8 | *1000 | **0.25 | 165/0.55 | +5 |CAT35C102
MSM16912 2k | E2PROM 12285"(;?8” 8 | *1000 | **0.25 | 16.5/055 | +5 |CAT35C202
MSM28C16A-15 150 | 150 | 165/0.55
16k | E2PROM 2,048x8 24 +5 X2816A
MSM28C16A-20 200 | 200 | 166/055
MSM28C64A-15 150 | 150 | 165/0.55
64k | E2PROM 8,192x8 28 +5 | X28C64A
MSM28C64A-20 200 | 200 | 165/055
MSM28C256 256k | E2PROM 32x8 28 | 200 | 200 | 165/055 | +5
*: Clock Frequency MAX (kH)
**: Clock Pulse MIN (us)
o ASMP
Power
Num-
Consump-
Model N M:rryn - Circuit cl\;lefrpory blgi:\gf A'l%fr?:s %y’::‘lg nt,ﬂ';( ggg‘;ﬁ; Equivalent
odel Name Capac-| Function r;i:?nura- per MAX MIN (mw) Voltage | Device
ity Pack- | (ns) (ns) Operating/ V)
age Standby
MSM514212-28 28 28 | 600/28
MSM514212-34 | 40k | ASMP 5,048x8 28 34 34 | 600/28 +5
MSM514212-50 50 50 | 600/28
MSM514221-3 25 30 | 275/28
M | AsvP | 262,263x4 | 16 +5
MSM514221-6 30 60 | 275/28
MSM514252-10 100 | 190 | 660/28
‘ M | ASMP | 262,144x4 | 28 +5
MSM514252-12 120 | 220 | 550/28
MSM51C262-80 80 | 145 | 660/44
MSM51C262-10 | 256k | ASMP 65536x4 | 24 | 100 | 175 | 550/44 +5
MSM51C262-12 120 | 205 | 468/44
MSM514201 1M | ASMP |1,048576x1 | 18 | 3000 | 4000 | 28/05 | +4.5
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MOS MEMORY HANDLING PRECAUTIONS

1. STATIC ELECTRICITY COUNTER-
MEASURES

Since voltage is generally controlled by means of the
transistor gate oxide film in MOS memories, the input
impedance is high and the insulation tends to be de-
stroyed more readily by static electricity.

Although Oki MOS memories incorporate built-in
protector circuits to protect all input terminals from
such destruction, it is not considered possible to give
complete protection against heat destruction due to
overcurrents and insulation film destruction due to
irregular high voltages. It is, therefore, necessary to
observe the following precautionary measures.

1) Under no circumstances must voltages or currents
in excess of the specified ratings be applied to any
input terminal.
Always use an electrically conductive mat or ship-
ping tubes for storage and transporting purposes.
Avoid wearing apparel made of synthetic fiber
during operations. The wearing of cottons which do
not readily generate static electricity is desirable.
Also avoid handling devices with bare hands. If
handling with bare hands cannot be avoided, make
sure that the body is grounded, and that a 1M
resistor is always connected between the body and
ground in order to prevent the generation of static
electricity.
Maintaining the relative humidity in the operation
room at 50% helps to prevent static electricity.
This should be remembered especially during dry
seasons.
5) When using a soldering iron, the iron should be
grounded from the tip. And as far as possible, use
low power soldering irons (12 V or 24V irons).

2. POWER SUPPLY AND INPUT SIGNAL
NOISE

2.1 Power supply noise absorption

2

3

4

In dynamic memories, the flow of power supply
current differs greatly between accessing and standby
modes.

Although very little power is consumed by CMOS
memories during standby mode, considerable current
is drawn for charging and discharging (instantaneous
current requirements) during access mode. In order to
absorb the ‘“‘spike noise’’ generated by these current
requirements, the use of relatively large capacitance
capacitors (about one 10uF capacitor for every 8 to
10 RAMs) is recommended along with good high fre-
quency response capacitors of about 0.1uF for each
memory element. Power line wiring with as little line
impedance as possible is also desirable.

2.2 Input signal noise absorption

Overshooting and undershooting of the input signal
should be kept to a bare minimum. Undershooting in
particular can result in loss of cell data stability within
the memory. For this reason,

(1) Avoid excessive undershooting when using an
address common bus for memory board RAMs and
ROMs.

(2) Since noise can be generated very easily when using
direct drive for applying memory board RAM
addresses from other driver boards, it is highly
recommended that these addresses be first received
by buffer.

(3) Methods available for eliminating undershooting
generated in the address line include
a) Clamping of the undershooting by including a

diode.
b) Connect 10~20$2 in series with driver outputs.
c) Smooth the rising edge and falling edge wave-
forms.

3. CMOS MEMORY OPERATING
PRECAUTIONS

3.1 Latch-Up

If the CMOS memory input signal level exceeds the
Vcc power line voltage by +0.3V, or drops below the
ground potential by -0.3V, the latch-up mechanism
may be activated. And once this latch-up mode has
been activated, the memory power has to be switched
off before normal operating mode can be restored.
Destruction of the memory element is also possible if
the power is not switched off.

Although Oki CMOS memories have been designed
to counter these tendencies, it is still recommended that
input signal overshooting and undershooting by avoided.

3.2 Battery Back-Up

Take special note of the following 4 points when
designing battery back-up systems.

(1) Do not permit the input signal H level to exceed
Vce +0.3 V when the memory Vcc power is dropped.
To achieve this, it is recommended that a CMOS
driver using a Vcc power common with the CMOS
memory, or an open collector buffer or open drain
buffer pulled-up by a Vcc power common with the-
CMOS memory be used for driving purposes.

(2) Set the chip select input signal CE to the same H
level as the CMOS memory Vcc power line. And in
order to minimize memory power consumption, set
the write enable input WE level, the address input
and the data input to either ground level or to the
same H level as the CMOS memory Vcc power line.

(3) Make sure that the CMOS memory Vcc power line is
increased without ‘ringing”’ or temporary breaks
when restoring the battery back-up mode.

(4) When using synchronous type CMOS memories
(MSM5115, MSM5104), make sure that accessing
occurs after elapse of the chip enable off time (t¢c)
prescribed in the catalog after the Vcc power line
has reached the guaranteed operating voltage range.
For further details, refer to “CMOS Memory Battery

Back-up’’ at the end of this manual.
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MASK ROM CUSTOMER PROGRAM

SPECIFICATIONS

The mask ROM custom program code
programming method is outlined below.

1. USABLE MEDIA
(1) Magnetic tape
(2) EPROM
Magnetic tape and EPROM are used as standard.

2. MAGNETIC TAPE SPECIFICATIONS

2.1 Use the following types of magnetic tape in mag-
netic tape units compatible with IBM magnetic tape
units.

(1) Length: 2400 feet, 1200 feet or 600 feet
(2) No label
(3) Width: 1/2 feet

(4) Channels: 9 channels

(5) Bit density:800BPI standard, although 1600BP1
can also be employed.

(6) Block size: Integer multiples of 256 bytes
possible with 256 bytes as standard.
1 block, 1 record is standard.

2.2 Magnetic tape format

(1) The data for a single chip should not extend into
several tapes. Data for several chips are allowed to be
included in a single magnetic tape, multiple file format
being permitted. In this case, include the data of a
single chip in one file.

(2) Use tape marks for file partitions when employing
multiple file formats.

(3) Denote the completion of a magnetic tape file by
two successive tape marks.

2.3 Magnetic tape data format

(1) The data contained in a single file on magnetic tape
must be inserted from the head address (0000)pex Of
the device up to the final address in succession for a
single chip.

(2) In this case, the LSB of the data should correspond
to D,, and the MSB to D,.

(3) ‘1" bits in the data denote high device output,
while “0"" denotes low output.

2.4 Magnetic tape ¥

Multi-file format {(m chips)

% : tape mark

1-chip data file 1 *

—“0ow

Filem

OD—
O0-—
O3 —

Block 1 Block 2 Block 3

O —
OxD—

Block n-1 Block n
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3. EPROM SPECIFICATIONS

(1) MSM2764A, MSM27128A, MSM27256 or Intel
2764A, 27128A, 27256 equivalent device may be
used.

(2) Prepare 2 EPROMs containing identical data.
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MASK ROM DEVELOPMENT FLOWCHART

User's Mask ROM
\g » automatic
ROM data designing program
ROM data ¢
check list

C————I No Yes
Examination I Approval

Mask ROM
manufacture

Engineering

Test sample
sampling shipment TAT*

No Yes
Examination l>—-—— ApPProval > m e e e e e e e e e eem oo p

|
|
: Mass
| production
Production !
shipment |
_TAT* I

Shipment

User Oki Electric

*TURN-AROUND-TIME







TERMINOLOGY"
AND SYMBOLS







TERMINOLOGY AND SYMBOLS

1. PIN TERMINOLOGY

Term EPROM Mask ROM | EEPROM Static RAM Dynamic RAM
Power Supply Voltage Pin Vee Vep Vee Vee Vee Vpp. Vee
Address Input Pin Ao~ Ass A, ~ Ay, Ao~ A A, ~ A A, ~ Ap
Data Input Pin DI DIN, D9
Data Output Pin 0o~ Oss D, ~ D, DO D OUT, Q9
Data Input/Output Pin 1700 ;;07 1/0, ~ 1/O4 DO: ~DQs
Chip Enable Pin CE CE CE CE,, CE
Output Enable Pin OE OE OE OE &
Address Enable Pin
Chip Select Pin cs &
Write Enable Pin WE WE WE
Row Address Strobe Pin RAS
Column Address Strobe Pin CAS
Program Enable Pin PGM, Vpp
Data Valid Pin
Clock Input Pin
Ground Pin Vss Vss Vss Vss Vss
Vacant Terminal NC NC NC
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2. ABSOLUTE MAXIMUM RATINGS

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM
Vcc, Vpp Vce VCC Vce Vpp. Vce
Power supply voltage
Vss Vss Vss Vss Vss
Terminal voltage VT i VT \% 4
Input voltage 7 Vi Vi \7 \
Output voltage Vo Vo Vg Vo Vo
Input current
Output current lo
Output short circuit current los
Load capacitance
Power dissipation Pp Pp Pp Pp Pp
Operating temperature Topr Topr Topr Topr Topr
Storage temperature Tstg Tstg Tslg Tstg Tstg
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3. RECOMMENDED OPERATION CONDITIONS [.

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM

Vee. Vep | Vee Vee Vee Vpp. Vce

Power Supply Voltage VeB
Vss Vss Vss Vss Vss

“H" Clock Input Voltage ViHc

“H"" Input Voltage VIH VIH VIH VIH VIH

“L"" Input Voltage ViL ViL ViL ViL ViL

Data Retention Voltage VceH

Load Capacitance CL CL CL CL

Fan-out N N N

Operating Temperature Topr Topr Topr Topr Topr

25
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4. DC CHARACTERISTICS

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM

"H’" output voltage VOH VOH VOH VOH VOH

L' output voltage VoL VoL VoL VoL VoL

""H"* output current loH IoH loH loH loH

L' output current loL loL loL loL loL

Input leakage current ['N} Iy L I IR}

Output leakage current Lo ILo ||_0 ILo ILo

1/0 leak current ILo

Program terminal current Ippt. IpP2

Peak power on current Ipo
Icc Icc1: |lcea lecs Icca Ices lces. lecs1 | 'Dp1.lcci. IsB1
Icc2 lccst lcest lcca Ipp2 Icc2. 1882

Power supply current

lbp3a.Icca. 'BB3
Ibpa4. Icca. 18B4

26
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5. AC CHARACTERISTICS

(1) Read cycle

Term: EPROM Mask ROM EEPROM Static RAM Dynamic RAM
Read cycle time tc tRC tRC tRC
Address access time tACC tAA tAA tAC tAA
Chip select access time tcs tco
Chip enable access time tCE tACE tCE tcb
Output enable access time tOE tco tOE toE tOEA
Output setting time 1Lz Lz, toz L) 0)
Output valid time tOH tOH tOHA
Output disable time tDF tHZ tHz, tOHZ toTD. ICTD tOFF tOEZ
Address set-up time tAS tASR. tASC
Address hold time RAH" tCAH

Chip enable off time

Chip enable pulse width

Power-up time tpyU

Power-down time tpp

Address enable pulse width

Data valid access time

Data valid delay time

Clock delay time

Clock pule width tRAS' tCAS twp

Clock delay time tRCD IRAD

Output delay time

Output access time

Output hold time

Address enable set-up time

27
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(2) Write Cycle

Term EPROM EEPROM Static RAM Dynamic RAM
Write cycle time twe twe tRC
Address set-up time tAS tAS tAS tASR' tASC
Write pulse width tpw. tOPW tWwe: tcw w twe
Write recovery time tWR
Data set-up time tps tps tps tpsS
Data hold time tDH tpH tDH tDH
Output off-time tDFP toTW tOFF
Address hold time tAH tAH tRAH- ICAH
Chip enable off time
Chip enable pulse width tcw
Write enable set-up time tcs
Write enable read time
Write enable hold time tCH
Address/write enable setting time
Write enable output activation
CE set-up time tCES tcs
OE set-up time tOES tOES
Data valid from OE toE
Vpp power set up time tvs
Output enable hold time tOEH
Data latch time DL
Data load time tpL

28
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® 8 PINPLASTICDIP (DIP8-P-300) .. ..oitittiitiiiiitiieeiineerininnneennnns 36
e 16 PIN PLASTIC DIP (DIP16-P-300, DIP16-P-300-W1) ........cciiiiiiniiinninn, 36
e 18 PIN PLASTIC DIP (DIP18-P-300, DIP18-P-300-W1, DIP18-P-400)............... 37
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PACKAGES
RS GS IS zs AS KS/YS
Name PLASTIC
DIP/PLASTIC :::2:1:2 sc::/ Sfig';g?é ' PLASTIC DIP CERDIP MODULE
SKINNY DIP Q
QFJ18-P- _ _ ~
MSM3764A | DIP16-P-300 - N\
QFJ18-P- _ _
MSM41256A | DIP16-P-300 - 20 -
QFJ18-P- _ _
MSM41257A | DIP16-P-300 - 20 -
MSM41464 | DIP18-P-300 - " - - -
MSM51C256 | DIP16-P-300 - " - - -
MSM511000A | DIP18-P- - S0J26-P- | ZIP20-P-400 - -
MSM511001A | 300-W1 300
MSM511002A
MSM514256A | DIP20-P- - SOJ26-P- | ZIP20-P-400 - -
MsM514258A | 300-W1 300
MSM514100 | DIP18-P-400 - S0J26-P- | ZIP20-P- - -
MSM514102 350 400-w1
MSM514400 | DIP20-P-400 - S0I26-P- | ZIP20-P- - -
NVISNIS13202 350 400-W1
30 PIN
MSC2304(8) - - - - - SIMM/SIMP
MSC2304(9) - - - - - 30 PIN
MSC23070) SIMM/SIMP
MSC2312A(9) - - - - - 30 PIN
VSCIITIA®) SIMM/SIMP
MSC2320A(9) - - - - - 72 PIN
MSC2321A(18) SIMM
30PIN
MSC2328A(2) - - - - - SIMM/SIMP
30PIN
MSC2340(9) - - - - - SIMM/SIMP
SOP28-P-
MSMS165AL | DIP28-P-600 | 00 - - - -
DIP22-P-
MSM5188 0001 - - - - -
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PACKAGES
RS Gs I zs AS KS/YS
Neme ;&:/:Ifsﬂc PLASTIC SOP/ QFJ(PLCCY PLASTIC DIP CERDIP MODULE
SKINNY DIP PLASTIC QFP PLASTIC SOJ
MSMS51257L | DIP28-P-600 | SOP28-P- - N - -
MSM51257AL 430-K
MSM51257ALL
MSM51256
MSM3864 DIP28-P-600 - N N _ -
MSM38128A
MSM38256
MSM38256A
MSM53256 DIP28-P-600 - N N - -
MSM531000 | DIP28-P-600 ?SF ; :(\’/'":' - - _ _
MSM531001 | DIP32-P-600 - N N - N
MSM534000 | DIP40-P-600 - _ N - -
MSM534000A
MSM534001A | DIP32-P-600
MSM534002A | DIP40-P-600
MSM2764A _ n = = o =
MSM27128A 600
MSM27256
MSM27512
MSM271000 - - _ ~ WDIP32:G- _
MSM271024 - - R _ \Gnéglpao-c- _
MSM27C256 | DIP28-P-600 - N N WDIP25-G- -
MSM27C256H 600
MSM27C1024 - - - _ \é\égwao-s- _
MSM27€2000 - - R ~ WDIP32:G- _
MSM27€2048 - - _ _ WOIP40-G- _
MSM2764AZB | DIP28-P-600 - _ N _ -
MSM27128AZ8
MSM2725628
MSM2751228
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PACKAGES
RS GS IS zs AS KS/YS
Name
PLASTIC
DIP/PLASTIC :tﬁ:::ﬁ SOF:/ S:i;:'llfcs)éu PLASTIC DIP CERDIP MODULE
SKINNY DIP Q
MSM271000ZB | DIP32-P-600 - - - - -
MSM271024ZB | DIP40-P-600 - - - - -
MSM27C256Z8 | DIP28-P-600 - - - - -
MSM27C256
HzB
MSM16811 DIP8-P-300 | SOP8-P-250- - - - -
MSM16811P K
MSM16911
MSM16911P
MSM 16812 DIP8-P-300 |[8PIN - - - -
PLASTIC
MSM 16912 SOP *
MSM28C16A DIP24-P-600 - - - - -
SOP28-P-
MSM28C64A DIP28-P-600 | ="\ - - - -
MM28C256 DIP28-P-600 - - - - -
MSM514212 - - - ZIP28-P-400 - -
DIP16-P- S0J26-P-
MSM514221 300-W1 - 300 ZIP20-P-400 - -
MSM514252 - - - ZIP28-P-400 - -
24PIN *
MSM51€262 - - - PLASTIC ZIP - -
QFJ18-P- _ B _
MSM514201 - - R290

33
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PLASTIC DIP

8 PIN PLASTIC DIP

DIP18-P-300

Indi

1.01240.10

o ®

Mark
8.70£0.30

1./52420. 10

]
KIS
pmi
s
2.80+0. 40 | 4,300 40

16 PIN PLASTIC DIP
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of semiconductor technology.
They use some of the most advanced design and
manufacturing technology developed to date.
With greater integration, diversity and reliability,
their applications have expanded enormously.
Their use in large scale computers, control
equipment, calculators, electronic games and in
many other fields has increased at a fast rate.

A failure in electronic banking or telephone
switching equipment, for example, could have far
reaching effects and can cause incalculable
losses. So, the demand, for stable high quality
memory devices is strong.

We, at Oki are fully aware of this demand. So we
have adopted a comprehensive quality assur-
ance system based on the concept of consisten-
cy in development, manufacturing and sales. .
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Our quality assurance
system and the underlying concepts are outlined
briefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we check the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2) Developmental prototype stage

We determine circuits, pattern design, process

settings, assembly techniques and structural re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.

(2) Since many semiconductor memories in-
volve new concepts and employ high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Element Group) refers to

the device group designed for stabili-
ty evaluation of MOS transistors,
diodes, resistors, capacitors and
other circuit component element
used in LSI memories.

(3) Prototypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (including in-
spection of the completed device) is followed by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. This lot guarantee in-
spection is performed in three different forms as
shown below.

(1) Group Atests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

(2) Group Btests:check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

(3) Group C tests: performed periodically to
check operational life, etc.,
on a long term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JISC 7022, EIAJ-IC-121
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Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior to delivery.

Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a failure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure

Sales
Department

Request for

technical
improvement
Engineering
r—o--———- J@mment
Report on
| results of -

investigation
& improvement

€
S @ T c
—sEl |8
Assurance ® 092 €5
[ <
Department SEQ c 2
gogal |Lo
Q9 E
Report on @x-=

results of
investigation L]
& improvement

Manufacturing
Department

Request for
manufacturing
improvement

Figure 3 Failure report process
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3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance system
and the underlying concepts employed by Oki.
Now, we will give a few examples of the reliability
tests performed during the developmental -and
production prototype stages. All reliability tests
performed by Oki conform to the following stan-
dards.

MIL-STD-883B, JIS C 7022, EIAJ-IC-121

Since these reliability tests must determine per-
formance under actual working conditions in a
short period of time, they are performed under
severe test conditions. For example, the 125°C
high temperature continuous operation test per-
formed for 1000 hours is equivalent to testing
device life from 2 to 300 years of use at Ta =
40°C.

By repeating these accelerated reliability tests,
device quality is checked and defects analyzed.
The resulting information is extremely useful in
improving the manufacturing processes. Some
of the more common defects in LSl elements and
their analysis are described on next page.
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OKI MEMORY LSI LIFE TEST RESULTS

= RELIABILITY INFORMATION =

Device name MSM511000ARS MSM514256AJS MSM511000AZS
Function 1M x 1 bit 256K x 4 bit 1M x 1 bit
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM
Si gate C-MOS Si gate C-MOS Si gate C-MOS
Structure 18P P-DIP 26P SO 20P ZIP
Test item Test condition Sasri\;zle hT)Zsrts Failures Sasrinz;;Ie :;Z‘rs Failures Sa;?nge ;:-:3:5 Failures
NSl ?,50‘\:/ 200 | 2000 | © 200 | 2000| 1* | 100 |2000| o
Operating — -
life test _ o
Vae— 30V 100 [ 2000 | O | 100 |[2000| o - - -
130°C 85%
_ 100 120 0 100 120 0 100 120 0
Temperature Vee = 5.5V
humidity test o !
85 8% 400 [ 2000 | o 500 | 2000 | 0 200 [ 2000 ©
Pressure st | b O 50 | 500 | 0 50 | 500 | o 50 | 500 O
Low tempera- | Ta =-10°C
ture life test | Vce = 7.0V 60 | 2000 0 22 | 2000 0 - B
Temperature | 65°C ~ 25°C ~ 1000 1000 1000
cycling test | 150°C 400 | cycles 0 300 cycles 0 200 cycles | O
(70min/cycle)
Device name MSM41256ARS MSM2312YS9 MSC2304KS
Function 256K 1bit | 1M x 9 bit 256K x 9 bit
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM
Structure Si gate N-MOS Si gate C-MOS Si gate N-MOS
16P P-DIP 30P SIMM 30P SIP
Test item Test condition |Sample Test . Sample | Test . Bample | Test .
size | hours 7211V [T Gze | hours | Failures 10707 | hours Failures
b 500 |2000| O 40 1000| o 40 1000 | o
Operating cc =/
life test - °
Vae 2oy 45 |4000| © - - - - - -
130°C 85%
= 100 | 120 (o] - - - - - -
Temperature Vee = 5.5V
humidity test o
85 C85%, 300 | 2000\ © 40 {1000 | © 40 (1000 | o
Pressure 121°C 100%
cooker test No bias 100 | 500 0 - - - - - -
Low tempera- | Ta =-10°C _ _ _ _ — —
ture life test |Vcc = 7.0V 60 | 2000 0
65°C ~ 25°C 00 2000
Temperature o 1000 20
! 150°C 200 0 40 les| O 40 les| O
cycling test | (56 min/eycle) cycles cyces cvees
*: SINGLE BIT FAIL **. 0°C ~125°C
20 min/c
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u RELIABILITY INFORMATION =

OKI MEMORY LSI LIFE TEST RESULTS

Device name MSM51257ALRS MSM271000AS MSM534000RS
Function 32K x 8 bit 128K x 8 bit 512K x 8 bit
STATIC RAM UV erasable EP ROM Mask ROM
Si gate C-MOS Si gate N-MOS Si gate C-MOS
Structure ' 98F p.DIP 28P cerdip 28P P-DIP
Test item Test condition |Sample | Test . Sample | Test ’ Sample| Test :
size hours Failures size hours Failures size | hours Failures
Operating Ta=125°C Y
Life test Vee=7.0V 200 | 2000 0 88 | 2000 0 88 | 2000 0
High tempera- - _ _ — 1** - - —
ture storage life Ta=200°C 100 2000
130°C 85%
- 50 120 0 - - - 22 120 0
Temperature Vee =5.5V
humidity test o *
85 C85% 200 |2000| o 50 1000 | 0 80 |2000 | o
Vce = 5.5V
Pressure 121°C 100% _ _ _
cooker test No bias 50 500 0 50 200 0
Low tempera- | Ta=-10°C
ture life test | Vec = 7.0V 22 | 2000 0 22 | 2000 0 22 |2000 0
Temperature ;gg;’ ((:: ~25°C 200 1000 0 100 500 0 100 500 0
cycling test {70min/eycle) cycles cycles cycles
Device Name MSM51257AGSK MSM271000ZBRS MSM28C64ARS
Function 32K x 8 bit 128K x 8 bit 8K x 8 bit
STATIC RAM oTP EEPROM
Si gate C-MOS Si gate N-MOS Si gate C-MOS
Structure 28P SOP 28P P-DIP 28P P-DIP
Test item Test Condition Si?lzle h-I:us:s Failures Sas?zzle hﬁlsrts Failures Sasri:zle hToe usrts Failures
Operating Ta=125°C *
Life test Vee = 5.5V - - - 88 | 2000 0 100 | 2000 | 0O
i - = 0 R
High temperaA Ta=155°C _ _ N 100 | 2000 0 200 | 2000 1
ture storage life
130°C 85% *
Temperature Vee = 5.5V 50 120 0 50 120 0 50 120 0
humidity test o o, .
85 €85A’ 200 | 2000 0 100 | 2000 0 100 | 2000 0
Vee = 5.5V
Pressure 121°C 100%
cooker test No bias 50 300 0 22 300 0 2 300 0
Low tempera- Ta=-10°C
ture life test Vee = 7.0V - - - 22 | 2000 0 22 | 2000 0
Temperature —65°C ~ 25°C ~
cycling test 150°C (70 min/cycle) 200 500 ° 100 500 ° 100 500 °
*:Veec =5.25V  **: Charge loss fail

**x . Charge loss fail (high temperature storage test after 10k W/E cycles test at Ta = 25°C)
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS

® RELIABILITY INFORMATION =

Device name MSM511000ARS | MSM514256AJS | MSM511000AZS
Test item Test condition Sasrir;zle Failures Sasriv;zle Failures Sasr;r;zle Failures
Soldering 260°C
heat 10 sec
O ]
Thermal 5o 5 min
Thermal shock 10 cycles 22 0 22 0 22 0
environmental veles
test —65°C ~ RT ~ 150°C
Temperature | 30 min 30 min
yeling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesinX, Y, 2
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 0 22 0 22 0
test X,Y,2
Constant 20000G
acceleration 1 minineach X, Y,Z
Electrical .
f 100pF, 1.5k}, 5 times
Envirol tal ESD ' ' 10 0 10 0
nwrt:sr:len a +£1000V 10 0
T
Device name MSM41256ARS | MSC2312YS9 MSC2304KS9
. . Sample . Sample - Sample .
Test item Test condition size Failures size Failures size Failures
Soldering 260°C
heat 10 sec
0°c~100°C
T::g::(a‘ 5 min 5 min
Thermal 10 cycles * *
environmental 22 0 22 0 22 0
test
—65°C ~ RT ~ 150°C
Tempe(ature 30 min 30 min
cycling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, 2
. 1500G, 0.5 ms
Mechanical -~ 0 4
environmental Shock 5 tnr;esvmzeach 22 0 - - — —
test L
Constant 10000G or 20000G
acceleration 1 minineach X,Y,2Z
Electrical .
environmental ESD 100pF, 1.5k, & times 10 0 - - - -
test +1000V
*: TEMPERATURE CYCLING: -40°C ~ 25°C ~ 125°C (20 cycles)

(30 min)

(30 min)
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS

Device name MSM51257ALRS | MSM271000AS | MSM534000RS
Test item Test condition Sample Failures Sample Failures Sample Failures
st ite size size size
Soldering 260°C
heat 10 sec
0°C~100°C
Thermal 5 min 5 min
shock
Thermal 10 cycles
environmental 22 0 22 0 22 0
st -65°C ~ RT ~ 150°
~RT~ 15
Temperature 30min 30 m(i)nC
cyeling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, Z
) 1500G, 0.5'ms
Mechanical S g
environmental Shock 5 times in each 22 0 22 0 22 0
test X. Y.z
Constant 10000G or 20000G
acceleration 1 minineach X, Y, 2
Electrical .
environmental ESD 100pF, 1.5k(1, 5 times 10 0 10 0 — —
test +1000V
Device name MSM51257AGSK | MSM27000ZBRS | MSM28C64ARS
Test item Test condition Sar_nple Failures Sar_nple Failures Saf“p'e Failures
size size size
Soldering 260°C
heat 10 sec
Thermal 0°C ~100°C
Thermal shock 5min 5 min
environmental 10 cycles 22 0 22 (o] 22 (o]
test
Temperature —65°C~ RT ~ 160°C
cvelin 30 min 30 min
Yyeling 20 cycles
Variable 100Hz ~ 2000Hz
frequency 4 min per cycle
vibration 4timesinX, Y, Z
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 0 22 0 22 0
test XY, Z
Constant 10000G or 20000G
acceleration 1 minineach X, Y,Z
Electrical .
environmental ESD 100pF. 1.5k, 5 times — — — — 10 0
test +1000V
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HIGH TEMPERATURE OPERATING LIFE TEST

= RELIABILITY INFORMATION =

MSM511000ARS Ta =25°C Sample size 200
0 48 168 500 1000 2000
MAX. 54.60 54.60 54.40 54.60 54.40 54.40
MIN. 50.60 50.40 50.20 50.40 50.40 50.60
Icct mA |MEAN |52.85 52.86 52.89 52.87 52.66 52.76
S.D. .87 .85 .84 .87 .92 .88
DEL. 0.00 0.00 0.00 0.00 0.00 0.00
MAX. 1.0200| 1.0200( 1.0200| 1.0200| 1.0400| 1.0400
MIN. 4780 4800 4800 4820 4860 4800
Icc2 mA |MEAN .6586 .5603 5626 5615 .5562 5627
S.D. .0756 .0741 0732 .0750 .0765 0747
DEL. 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000
MAX. 68.0 68.0 68.0 68.0 68.0 68.0
MIN. 61.0 60.0 60.0 61.0 60.0 61.0
TRAC ns MEAN || 64.8 64.6 64.6 64.7 64.5 64.7
S.D. 1.6 1.7 1.7 1.7 1.7 1.7
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
MAX. 21.0 210 210 210 21.0 210
MIN. 19.0 190 ° [190 19.0 19.0 19.0
Tcac ns MEAN |(|204 20.3 20.3 20.3 20.3 20.3
S.D. 6 6 6 .6 6 6
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
s TRAC nse Tcac
74 42+
68~ 34
N R s e Y
s6l- B - IR i i Sl 4
i L I 1 L 1 ] i 1 1 1 1 L 1
0O 48 168 500 1000 2000 0O 48 168 500 1000 2000
Time (H) Time (H)
Icc lcc2
mA[ mA [
- -
56 1.6F

a8

44~

1

o Pttt o
SRR ENERaE

Ar

0 48 168 500

Time (H)

1000 2000

T

T

o

48 168 500
Time (H)

1000 2000
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HIGH TEMPERATURE OPERATING LIFE TEST

MSM511000ARS Ta=25°C Sample size 200
0 48 168 500 1000 2000
MAX. 250 250 250 25.0 250 250
MIN. 220 220 220 220 220 220
TRrp ns |MEAN 240 240 239 239 23.9 239
S.D. .8 .8 9 .8 9 .8
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
MAX. 4096.0 | 4096.0 | 4096.0 | 4096.0 | 4096.0 | 4096.0
MIN. 787.0 774.0 983.3 803.0 876.0 844.0
TREF ms |MEAN 2933.3 | 2915.1 | 3015.6 | 2951.7 | 3013.6 | 2988.6
S.D. 1313.0 | 1451.9 | 1246.6 | 1287.2 | 1273.4 | 1290.9
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
MAX. 3.320 3.310 3.290 3.300 3.300 3.290
MIN. 3.070 3.060 3.050 3.050 3.050 3.050
VceMIN- V  |MEAN 3.167 3.162 3.156 3.159 3.154 3.155
S.D. .056 .057 .056 .055 .055 .055
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
MAX. 7.000 7.000 7.000 7.000 7.000 7.000
MIN. 7.000 7.000 7.000 7.000 7.000 7.000
VccMAX V |MEAN 7.000 7.000 7.000 7.000 7.000 7.000
: S.D. 0.000 0.000 0.000 0.000 0.000 0.000
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
vr VecMIN vr VecMAX
- -
4+ or
3L ook ----X----%----X sk
2+ 7+ i e B
1+ 6
i 1 I 1 1 | J | 1 1 . 1 A J
0 48 168 500 1000 2000 0 48 168 500 1000 2000
Time (H) Time (H)
nsf TrP msr TREF
50 40001
401 3000F  ---—m—— Hmmm oy = R
30r 2000}
I At St SEECE Sh St i
20 1000}
i 1 ! 1 L 1 J L 1 1 Il Il 1 ]
0 48 168 500 1000 2000 0 48 168 500 1000 2000
Time (H) Time (H)
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HIGH TEMPERATURE OPERATING LIFE TEST

= RELIABILITY INFORMATION =

MSM511000ARS Ta=25°C Sample size 200
0 48 168 500 1000 2000
MAX. 1.100 1.100 1.100 1.100 1.100 1.200
MIN. .940 .940 .930 .940 .940 .950
ViLA \ MEAN 1.047 1.047 1.047 1.042 1.045 1.046
S.D. .028 .028 .029 .028 .028 .029
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
MAX. 1.700 1.710 1.710 1.710 1.710 1.710
MIN. 1.660 1.660 1570 1.560 1.560 1.560
VIHA \% MEAN 1.656 1.656 1.656 1.656 1.658 1.656
S.D. .027 .027 027 .027 .028 .027
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
MAX. 1.330 1.330 1.330 1.330 1.330 1.330
MIN. 1.040 1.040 1.040 1.040 1.040 1.040
ViLe \% MEAN 1.166 1.165 1.168 1.166 1.160 1.163
S.D. .061 .062 .062 .060 .057 .060
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
MAX. 1.940 1.940 1.940 1.940 1.940 1.940
MIN. 1.770 1.780 1.780 1.780 1.770 1.770
VIHC \% MEAN 1.876 1.876 1.878 1.877 1.877 1.876
S.D. .032 .032 .031 .032 .032 .031
DEL. 0.000 | 0000 | 0.000 | 0.000 | 0.000 | 0.000
V V
v ILC vF IHC
148 2.24r
1.32 2.08
116 ¥~ X-——— K- X ¥ 192 f____'II'____f____E“__'II‘_h__f
1 1.76
1 1 1 1 1 J i 1 1 | 1 1 |
o] 48 168 500 1000 2000 0 48 168 500 1000 2000
Time (H) Time (H)
V| V
v ILA vr IHA
1.2 1.8
1.1 1.7
9 1.5
L
] 1 | ] L1 1 ] 1 1 ] |
0 48 168 500 1000 2000 0 48 168 500 1000 2000
Time (H) Time (H)
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4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general (not only semiconductor IC
devices) is described by the curve shown in the
diagram below. Although semiconductor
memory failures are similar to those of ordinary
integrated circuits, the degree of integration
(miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence.

Semi ' Y El

Failure Rate Curve

Initial SHIPPING

+ Wear-out

o | failure Random |_ failure

5 failure

oo

P m>1

e

5 /

= /

& General ’
electronic /
devices

X - Time
Semiconductor
elements

————
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceable in about 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of semiconductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At Oki, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

A o
Example of surge destruction

al conditions) in the development stage to
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

Al
y AN Input section
Aluminum Z 4 / _{Iifl

wire 1 Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)
Unlike surge destruction, this kind of failure is
caused by manufacturing defects. Local wea-
kened sections are ruptured when subjected to
external electrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic Impurities
Under some temperature and electric field condi-
tions, charged ionic impurities moving within the
oxide film previously resulted in occasional dete-
rioration of silicon surfaces. This problem has
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask (which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component elements have
been reduced in size to the order of 10 cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.

Photolithographic Defect



5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. Oki
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSIs permit su-
perior endurance to even the most severe high
humidity conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out these alpha-particles.

Package ceramic
// cover

Silicon oxide
. film

Substrate silicon

lonization along
the a-particle path

= RELIABILITY INFORMATION =

7) Degradation in Performance Characteristics
Due to Hot Electrons

With increased miniaturization of circuit ele-
ments, internal electric field strength in the chan-
nels increases since the applied voltage remains
the same at 5V. As a result, electrons flowing in
the channels, as shown in the accompanying dia-
gram, tend to enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such problem exists in Oki LSls.

Drain
+Vp |
+Vg )
—I 1
|
Gate Source Hot electrons

Characteristic deterioration caused
by hot electrons

Substrate silicon

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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Kl MOS DYNAMIC RAMS

MSM3764A
MSM41256A
MSM41257A
MSM41464
MSM51C256
MSM511000A
MSM511001A
MSM511002A
MSM514256A
MSM514258A
MSM514100
MSM514102
MSM514400
MSM514402
MSC2304YS8-KS8
MSC2304YS9-KS9
MSC2307YS9-KS9
MSC2312A-XXYS9/KS9

‘MSC2313A-XXYS8/KS8

MSC2320A-XXYS9
MSC2321A-XXYS18
MSC2328A-XXYS2/KS2
MSC2340-XXYS9/KS9

65,536-Word x 1-Bit RAM (NMOS) <Page Mode> .......
262,144-Word x 1-Bit RAM (NMOS) <Page Mode> ......
262,144-Word x 1-Bit RAM (NMOS) <Nibble Mode> .....
65,536-Word x 4-Bits RAM (NMOS) <Page Mode> ......
262,144-Word x 1-Bit RAM (CMOS) .............counn
1,048,576-Word x 1-Bit RAM (CMOS) <Fast Page> .....
1,048,576-Word x 1-Bit RAM (CMOS) <Nibble Mode> ...
1,048,576-Word x 1-Bit RAM (CMOS) <Static Column> ..
262,144-Word x 4-Bits RAM (CMOS) <Fast Page> ......
262,144-Word x 4-Bits RAM (CMOS) <Static Column> ...
4,194,304-Word x 1-Bit RAM (CMOS) <Fast Page> ......
4,194,304-Word x 1-Bit RAM {CMOS) <static Column> ...
1,048,576-Word x 4-Bits RAM (CMOS) <Fast Page> .....
1,048,576-Word x 4-Bits RAM (CMOS) <static Column> ..
262,144-Word x 8-Bits RAM (NMOS) <Page Mode> (MODULE) .. .....
262,144-Word x 9-Bits RAM (NMOS) <Page Mode> (MODULE) .. .....
262,144-Word x 9-Bits RAM (NMOS) <Nibble Page Mode> (MODULE) ..
1,048,576-Word x 9-Bits RAM (CMOS) (MODULE) .....
1,048,576-Word x 8-Bits RAM (CMOS) (MODULE) .....
262,144-Word x 36-Bits RAM (MODULE) .............
524,288-Word x 36-Bits RAM (MODULE) .............
262,144-Word x 8-Bits RAM (MODULE) ..............
4,159,300-Word x 9-Bits RAM (CMOS) (MODULE) .....

341
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OKI semiconductor
MSM3764 A

65,636-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32)

GENERAL DESCRIPTION

The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and ¢olumn address inputs permit the MSM3764A to be housed in a standard 16 pin
DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out.

The MSM3764A is fabricated using silicon gate NMOS and Oki’s advanced Double-Layer Polysilicon process. This
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip
size. Dynamic circuitry is employed in the design, including the sense amplifiers.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and output are TTL
compatible.

FEATURES
065,536 x 1 RAM, 16 or 18 pin package ® Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single transistor cell ® “Gated’’ CAS
© Row access time, ® 128 refresh cycles/2 ms
120 ns max (MSM3764A-12) © Common 1/O capability using "‘Early Write”
150 ns max (MSM3764A-15) operation
o Cycle time, o Output unlatched at cycle end allows extended page
220 ns min (MSM3764A-12) boundary and two-dimensional chip select
260 ns min (MSM3764A-15) ® Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 330 mW active, Mode capability
28 mW max standby ® On<hip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On-<hip substrate bias generator for high
® All inputs TTL compatible, low capacitive load performance

PIN CONFIGURATION

{Top View)
Din NC vgg CTAS .
NC E 1 16 : Vs
Pin Names Function on[]2 15[ Joms Pin Names Function
A -4, Adoress Inputs we[ s W[ Jow  A,~A, Address Inputs
RAS Row Address Strobe AAS Row Address Strobe
CAS Column Address Strobe mas[e w[Ja  eas Column Address Strobe
WE Write Enable . . WE Write Ensble
Din Dats input ~ s . :A' Din Data Input
Dout Dats Output A C " " 3./ Dout Dsta Output
Vee Power (+5V) Vee Power Supply (+5V)
Vss Ground (OV) ~ O [ Ja” Vss Ground (0V)
NC No Connection vee G . S s etre Aadven
* Refresh Adaress
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= DYNAMIC RAMS - MSM3764A =

FUNCTIONAL BLOCK DIAGRAM
= Timing
RAS Generator | t_T_J Timing
CAS - Generator
Timing 1
Write
Generator Clock WE
Column [Generator
Column
Address Decod
Buffers v l ecoders l
Ag~A 1/0 Output
o~Ar [ Sense Amps . Selection] ] Buffer [~Dout
Row 1 ;
Address [ N N
Buffers R Word
ow or Data
De- Driv- Meml¢l>ry Input f=e———Din
coders| | ers Cells Registor
vce
V§g ———e=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to+7 \%
Voltage on V¢ supply relative to Vgg Vee -1to+7 \
Operating temperature Topr 0to 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional opera-
tion should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure
to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min Typ. Max. Unit Temperature
| Vce 4.5 5.0 5.5 \%
Supply Voltage Vss 0 ) 0 v
0°C to +70°C
Input High Voltage, all inputs VIH 24 6.5 \%
Input Low Voltage, all inputs ViL -1.0 -1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

# DYNAMIC RAMS - MSM3764A =

Parameter

Symbol Min.

Unit

Notes

Operating Current*
Average power supply current
(RAS, CAS cycling; trg = min.)

Icct

60

mA

Standby Current
Power supply current
(RAS = CAS = V|H)

lcc2

5.0

mA

Refresh Current®
Average power supply current
(RAS cycling, CAS = V|H; trc = min.)

folox]

40

mA

Page Mode Current*
Average power supply current
(RAS = V|, CAS cycling; tpc = min.)

lcca

60

mA

Input Leakage Current

Input leakage current, any input

(0V < VN £ 5.5V, all other pins not
under test = 0V)

Ity -10

KA

Output Leakage Current
(Data out is disabled,
0V < VouT £5.5V)

ILO -10

uA

Output Levels
Output high voltage (IgH = -5 mA)
Output low voltage (Ig| = 4.2 mA)

VOH 24
VoL

0.4

\2
\%

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open.

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Typ. Max Unit
Input Capacitance (A, ~ A,, D|n) CIN1 - 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 — 8 pF
Output Capacitance (DoyT) CouT - 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) Note 1,2,3

MSM3764A-12 | MSM3764A-15
Parameter Symbol | Units Note
Min. Max. Min. Max.

Refresh period tREF ms 2 2

Random read or write cycle time tRC ns 220 260

Read-write cycle time tRWC ns 245 280

Page mode cycle time tpC ns 120 145

Access time from RAS tRAC ns 120 150 4,6
Access time from CAS tCAC ns 60 75 5,6
Output buffer turn-off delay tOFF ns 0 35 0 40
Transition time tT ns 3 35 3 35

RAS precharge time tRp ns 90 100

RAS pulse width tRAS ns 120 {10,000 | 150 {10,000

RAS hold time tRSH ns 60 75

CAS precharge time (Page cycle) tcp ns 50 60

CAS pulse width tCAS ns 60 (10,000 | 75 {10,000

CAS hold time tCSH ns [ 120 150

RAS to CAS delay time tRCD ns 25 60 25 75 7
CAS to RAS precharge time tCcRP ns 0 0

Row Address set-up time tASR ns

Row Address hold time tRAH ns 15 15

Column Address set-up time tASC ns

Column Address hold time tCAH ns 20 20

Column Address hold time

referenced to R—A§ AR ns 80 9
Read command set-up time tRCS ns | O 0
Read command hold time tRCH ns 0 0
Write command set-up time twes ns -10 -10 8
Write command hold time tWCH ns 40 45
Write command pulse width twp ns 40 45
Write command to RAS lead time | tRwL ns 40 45
Write command to CAS lead time | tcwL ns 40 45
Data-in set-up time tps ns 0 0
Data-in hold time tDH ns 40 45
?oa;i:ng hold time referenced {OHR ns 100 120
CAS to WE delay tCWD ns 40 45
RAS to WE delay tRWD ns 100 120
Read comman_d_h_(zld time {(RRH ns 0 0
referenced to RAS

CAS precharge time tCPN ns 30 35
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NOTES: 1) An initial pause of 100us is required after power-up followed by any 8 RAS cycles (Examples; RAS
only) before proper device operation is achieved.

2) AC measurements assume tT = 5ns.

3) ViH (Min.) and V| (Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V|4 and VL.
Assumes that trcp < tRCD (max.).
If tRCD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tgcp exceeds the value shown.
5) Assumes that tgcp < tRCD (max.)
6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
7) Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRCp (max.) is spe-
cified as a reference point only; if tRcp is greater than the specified tRCpD (max.) limit, then access
time is controlled exclusively by tcaC.
twCS, tCWD and tRWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tyycs = twcs (min.), the cycle is an early write cycle and the aata
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp = tCcwD
(min.) and tRWD > tRWD (min.) the cycle is read-write cycle and the data out will contain data read
from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data
out (at access time) is indeterminate.

4

8

READ CYCLE TIMING

tRC
tRAi‘
tAR
—— VIH— )
RAS v, N | 7 \
tRSH————= | _.
| tRCD (cAs tCRP
—— ViH— 3 \ A
CAS v — 3
tCSH l——tCPN
tASR| [tRAH tCAH ¢
tasc| ==
VIH— Row Column
Addresses ViL - Address Address ,W
' tRCH
‘RCSH ! [ tRRH =

W 7

——  ViH- ZZZZ&%

WE - l.._
tCAC

————RAC

Dout VOH- { OPEN ——

VoL~

Valid Data

"H”, “L" = Don't Care
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WRITE CYCLE TIMING
(EARLY WRITE)

|

I
>
0

0
(%]

WE

DiNn

DouT

tF%AS'Rc
ViH— "~ 1\ AR K
ViL— N
, tRSH —'RP—=
. tRCD tCcAS ‘-tCF\‘P'—l
IH— 3
ik = \ | /|
tCsH ’-———‘CPN
tA5R tRAH tCAH|
*—’]tASC
IH Column 7 y
Addresses /// Address Address @(
| t
tWCS _twcH cwi
ViH-— we /
ViL - R //
ll
t
tWCR RWL
DS
ViH~—
VL 7 M Valid Data %
v tDHR
OH-— - |
VoL — — OPEN L

READ-WRITE/READ-MODIFY-WRITE CYCLE

——IRWC
RAS
RAS VAT NS AR 7
_ Vi
I \ f tRSH = tRP
tRCD tCAS [~tCRP
== VIH- 4
CAS v, - | N ', £/
g T t
* FJ TRAH tASC, | tCAH | °oH = een
ViH- R Colum
Addresses ViL- A%v(\:llress ° uAdrEi"eS_SW
' tRWD
tRCSf==  fe————1CWD——
— VIH- \
WE vy - Wi
tcAC 1OFF
DOUT V%’: :*—1 OPEN P_“—<: Valid Data
tRAC tDS| | tDH
Vin :
o iH Valid
IN V- % Data
“H", L' = Don't Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don‘t care)

tRC
tRAS |
— V - — Y -\
RAS Vll’: — \( JT N—
re—tR AH-=~ } tRP
ASRF—

s 2 TN e KT

VOH -
VoL - - OPEN

DouTt

{7 “H", L" = Don't Care

PAGE MODE READ CYCLE

RAS
RAS Wit y
tRSH— | [=tRp
=—tCRP
_ _ —
cas wit:
tASR
Adresses \ol'l‘_‘: ///Wﬂ/
10!FF
DouT \\;gt‘: -'I

- _ |tRes tncﬂ"“’[ ) i._tRCHf@
WE - /4 \ W

m “H”,“L“=Donlt Care
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PAGE MODE WRITE CYCLE

tRAS
tR
tCAS—+ tCREP-
e —
7 7
twCH
t—tCWL —=
Lo, S
; R_H -twtp—l
*wﬁ*‘DH tpsp— ! tDH’1 S :TDEWL_—
{1 T 0 T i T
F—1tDHR
V):'H', ““L"" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

RAS
CAS
Addresses v
WE
v
D IH 7 i, ,
Ny /V ///
tF—tcxxc——{ \tOFF
RAC
VOH
D PEN
ouUT yor o

tRAS

//

//

iy,

teac— X tcac
OPENb—- ;b

L = Don't Care
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HIDDEN REFRESH

|« Read Cycle

Fas M —\—tar

AS v A
ViH

CAS ViL

tRP—et

R

—

tASR | [IRAH
v
Addresses V:::‘ /
" pacu
we "y ¥/
IL CAC
l'—‘RAC 3FF
VOH N Y .
DouT VoL OPEN < Valid Data
*“H"", “L" = Don't Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764A. Eight row-address bits are established
on the input pins (A,~A,) and latched with the Row
Address Strobe (RAS). The eight column-address
bits are established on the input pins and latched with
the Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “‘gated”’) by RAS to
permit triggering of CAS as soon as the Row Address
Hold Time (tgap) specification has been satisfied and
the address inputs have been changed from row-addresses
to column-addresses.

Write Enable:

The read mode or write mode is selected with the WE
input. A logic high (1) on WE dictates read mode;
logic low (0) dictates write mode. Data input is dis-
abled when read mode is selected.

Data Input:

Data is written into the MSM3764A during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (DyN) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dy is strobed by WE, and set-up and hoid times
are referenced to WE.

Data Output:
The output buffer is three-state TTL compatible with
a fan-out of two standard TTL loads. Data-out is the

pedance state until CAS is brought low. In aread cycle,
or read-write cycle, the output is valid after tgpc from
transition of RAS when tgcp (max.) is satisfied, or
after tcaC from transition of CAS when the transition
occurs after tgcp (max.). Data remain valid until CAS
is returned to a high level. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address
into the MSM3764A while maintaining RASat a logic
low (0) throughout all successive memory operations in
which the row-address doesn’t change. Thus the power
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because
the time normally required to strobe a new row-address
is eliminated.

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (A,~A) at least every two milliseconds.
During refresh, either V| or V| is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each rwo
to be refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

RAS ONLY REFRESH CYCLE may take place while
maintaining valid output data. This feature is referred
to as Hidden Refresh.

Hidden Refresh is performed by holding CAS as V_
from a previous memory read cycle.
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TYPICAL CHARACTERISTICS

Access time from RAS

s (Relative value) v.s. Ve
a1 5

) Ta=25C

o tRCD: min

O 1. N

2 N

Q

S 10

S ~
Sos

3}

<

e

40 45 50 55 6.0
Vee[V]

Access fime from RAS
1.4 (Relative value) v.s. Ta

o‘;—: Vee = 5.0V
~ tRCD: min
1.2
e /
3
< 1.0
o
* P
=
= 08
3
<
x
0 25 50 75
Ta[°C]
Access time from CAS
é 14 (Relative value) v.s. Vo
[te) tRCD: max
0]
\
8 12—\
> \‘ N\
)
<o N \‘
R N NS T = 50°
° \\Ta =25
L os Ta=0°C
3
<
E 40 45 50 55 60

Vcé [V]
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Icc1 (Operation) [mA] Icc1 (Operation) [mA]

Icc1 (Operation) [mA]

Icct (tRAS: Constant)
v.s. Vee

Ta=25°C
tRAS = 120 ns/

4~
4

50

I
s tRC = 220 ns
40 J

> tRC = 260 ns

|
30 tRCc =330 ns

tRC = 500 ns

20

- tRQ = 1000 ns

40 45 50 55 6.0
Vee [V]

Icct (tRAS: Constant)
50 VS Cycle rate

Ta=25°C |
tRAS = 120 ns V.CC =55V
40 Vlcc =5.0V
/VCC =45V
L A
1 2 3 4 5
Cycle Rate (1/trc) [MHz]
Icc1 (tRAS: Constant)
5. Ta
0 Vs
® Vce =5.5V
tRAS = 129 ns
40 tRrc = 220 ns
|
tJRc =260 ns
30 tRC =330 ns
20[—] tRC = 500 ns
tRC = 1000 ns

0 25 50 75
Ta[°C]



Icct (Operation) [mA] Icct (Operation) [mA]

Icc1 (Operation) [mA]

50

40

30

20

4.0

50

40

Icc1 (trp: Constant) v.s. VcC

Ta=25°C
tRP=90ns

—

L\

,
-
—_,

AN

|
tRC =220 ns
tRC = 260 ns
1

L» tRC =330 ns
I

tRC = 500 ns

[
= tRC = 1000 ns

45 50

Vee [V]

6.0

Icc1 (tRrp: Constant)

v.s. Cycle rate

T
Ta=25°C
tRp =90 ns

V(';C =56V

30

V(.:C =5.0V

4§ Vee =4.5V

20

Z

AN

1

50

2 3

5

Cycle Rate (1/trc) [MHz]

Icc1 (tRp: Constant) v.s. Ta

tRC =220 ns

40

P —

i =t~ tRC = 260 ns
™ tRC =330 ns

30

.q:~
—

|
= tRC = 500 ns

20

tRC = 1000 ns

Icc2 (Stand-by) [mA]

Icc2 (Stand-by) [mA]

| vs. V
5.0 CC2 CcC
ViH: max
4.0
3.0 et T2 = 0 S
Ta=25C
Ta=50°C
2.0 Ta |= 75°C
40 45 50 55 6.0
Vee V]
lcc2vs. Ta
5.0
Vce = 5.5V
V|H: max
4.0
3.0 ~~—
\~
2.0
25 50 75
Ta[°C]
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Icc3 (Refresh Cycle) [mA] lcc3 (Refresh Cycle) [mA]

icc3 (Refresh Cycle) [mA]

30

20

10

0

4.0

30

20

30

20

10

Icc3 (tRAS: Constant) v.s. Voc

Ta=25°C

tRAs =120ns 4~ 'RC

=220 ns

/tR(l: =260ns
.—tR(F =330 ns

p—
a—

/
=
I

|
|t tRC = 500 ns

pe-tRC = 1000 ns

45 50

vee [V

55

6.0

Icc3 (tRAS: Constant)

v.s. Cycle rate

Ta=25°C
tRAS =120 ns

Vce = 5.5V

A

e

Vce = 5.0V

/V'cc =45V

/

2 3

4 5

Cycle Rate (1/trc) [MHz]

20 lcc3 (tRAs: Constant) vs. Ta

Vce =5.5V
tRAS =120 ns
3 MRC = 220 ns
tRC =260 ns
mtRC = 330 ns
tRC =500 ns
—— trc = 1000 ns
0 25 50 75
Ta[°C]

Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA]

Icc3 (Refresh Cycle) [mA]

30

20

10

4.0

40

30

20

10

0

30

20

10

T
Ta=25°C
tRP =90 ns

lcea (tRrp: Constant) v.s. Voo
40

L~tRC = 220 ns

'/
Cc
//tRQ

tRC =260 ns
L~ tRC =330 ns
=500 ns
=tRC = 1000 ns

A\

A\

45

Vee [V]

5.5

6.0

Icc3 (tRp: Constant)

v.s. Cycle rate

Ta=25°C
tRP=90ns

Vee = 5.5V

P

Ve = 5.0V
Ve a5V

N\

o

1 2 3

4 5

Cycle Rate (1/tgc) [MHz]

20 lcc3 (trp: Constant) vs. Ta

Vce =5.5V
tRp =90 ns
tRC =220 ns
tRC =260ns
— tRC = 330 ns
— \\tﬁc =500 ns
=t tRC = 1000 ns
0 25 50 75
Ta[°C]



Icca (Page Cycle) [mA]

Icca (tcAs: Constant)

2 DYNAMIC RAMS - MSM3764A =

Icca (Page Cycle) [mA]

Icc4 (Page Cycle) [mA]

50 vs. Vee Icca (tep: Constant) vs. Voo
T 0 T
Ta=25°C —_ Ta=25°C
40 tCcAS =60 ns o220 ?_:: 40 tcp =50 ns
—~tPC = 120 ns oy > tPC = 120 ns
//tPC =145ns 2 /’tPC; 145 ns
30 - tPC[ =230ns S 30 = tpcl= 230 ns
. ! <
L —1 | —tpc=400ns ki /// L tPC; = 400 ns
20 & 20—
8 -
40 45 50 55 6.0 40 45 50 55 6.0
Vee [V] vee [V]
Icca (tcas: Constant) Icca (tcp: Constant)
v.s. Cycle rate v.s. Cycle rate
Ta= 2'5°C T Ta= 25°IC
20 tCAS = 60 ns £ 20 tcp =50 ns
/rV\(/_';C.= 5.5V n //xccl =55V
»Vce = 5.0V Q L Vee =5.0V
30 - G S 30 A =
=-VCC = 4.5V v 4.5V
P g A ce
4/ £ 4/
20 == < 20|
Q
e
2 4 6 8 10 2 4 6 8 10
Cycle Rate (1/tpc) [MHz] Cycle Rate (1/tpc) [MHz]
0 Iccs (tcas: Constant) v.s. Ta Icca (tep: Constant) vs. Ta
T T 50
Vee = 5.5V = Ve =55V
20 tCAS = 60 ns E 20/ — tcp =50ns
. '\\hth =120ns <_>{ r\\\-tPC =120ns
30 — \ﬁtplc =145ns O 3o 3
- ~ 8’ \
\\\'tPC =230ns iy Tr— = tpc = 230 ns
20 tPC = 400 e — |
PC = ns S 20 "tpC = 400 ns
Lo
0 25 50 75 0 25 50 75
Ta[°C] Ta[°C]
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Input level [V]

Input level [V]

Input level [V]

N

—_

-

N

-

-

N

—_

-

Address Input v.s. Voo

vee [V]

0 Ta=25°C _
V|H min //
5
TV max
.0
40 45 50 55 6.0
Vee [V]
Data Input v.s. Vg
0 Ta=25°C |
. f
VIH min ?
5 T
VL max
.0
40 45 50 55 6.0
vVee [V]
Clock Input v.s. Vo
0 Ta=25°C
' VIH min ~
’ //
-1 V)L max
0 1L
40 45 50 655 6.0

Input level [V]

Input level [V]

Input level [V]

20

1.5

1.0

20

Address Inputv.s. Ta

Ve = 5.0V

| I
VIH min

I !

VL max

0 25 50 75

Ta[°C]

Data Inputv.s. Ta

Vee =5.0V

t f
V|H min

VL max

25 50 75
Ta[°C]

Clock Inputv.s. Ta

Vee =5.0v

| [
V|H min

VL max

25 50 75
Ta[°C]




140

Icc 120

[mAl 100

80
60
40
20
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Vee =5.5Vv
Ta=25°C
50 ns/div

RAS/CAS CYCLE, LONG RAS/CAS CYCLE, RASONLY CYCLE, PAGE MODE CYCLE
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MSM3764A Bit MAP (Physical-Decimal)

[

—
/ [A7 column = “H"] ! [A7 column = “L"] Oefinie \
63| 62 1 0 64] 65 1261127 63} 62 14 0 64| 65 126} 127|
255]255 255|255 J 255|255 2655(255| 1271127 127127 J 127127 1271127
1911190 129{128 192{193 254}255 191{190 1291128 1921193 254]255
255255 255|255 255|255 255255 1271127 127|127 127127 1271127
63| 62 1l 0 64| 65 126(127 63| 62 1 0 64| 65 126127
254|254 254|254 254|254 254|254 126(126 126|126 126[126 126{126
191[190 129[128 192{193 2541255 1911190 129112814 46¢44192{193 2641255
254|254 2541254 Lv] 2541254 254|254 126126 126|126 126{126 126}126
63) 62 11 0 64| 65 126127 63| 62 11 0 64| 65 126|127
253|253 253|253 253|253 253|253 125]125 125{125 125[125 125|126
1911190 129(128 § §192{193 254255 191{190 1291128 1921193 254|255
253|253 253|253 [ 253|253 253|253  [125[125 125 1zsj [ 125(125 125125
63| 62 11 O 64| 65 1264127 63| 62 1 0 64| 65 1264127
262|252 2524252 ( 252|252 252|252 1241124 124]124 124{124 124|124
191]190 129128 192(193 2541255 191190 129128 192(193 254255
252|252 252|252 252|252 252|252 124[124 1241124 124]124 124124
63| 62 il o 64| 65 126(127 63| 62 1 0 64| 65 1261127
251|251 251)251 251]251 251|251 123|123 123]123 1231123 123]123
191[190 1291128 192193 2541255 191190 129|128 L 192193 254255
132[132 132132 132132 132(132 a1 4 4 41 4 41 4
63| 62 11 0 64| 65 126|127 63| 62 11 0 64| 65 1261127
131131 131131 131131 1311131 3] 3 31 3|17 3| 3 3} 3
191]190 129128 192193 254|255 191190 129128 192(193 254|255
131131 131131 131131 131131 3] 3 3f 3 3 3 2 3
63| 62 1 0 64| 65 1261127 63| 62 1 0 64| 65 1261127
130{130 130[130 130(130 130]130 2] 2 2] 2 2| 2 2] 2
191190 129]128 192|193 254|255 191]190 129(128 192|193 254|255
130[130 130[130 [ } 130130 130{130 2] 2 2 2 2 2
63| 62 11 0 64| 65 126|127 63| 62 11 O 64| 65 126127
129129 129§129 e 129129 129129 1 1 1 1 1 1 1 1
191190 129(128 192[193 254]255 1911190 129|128 192[193 254{255
129129 129129 ] [ 129[129 1291129 1 1 1 1 [ 1 1 1 1
63] 62 1l O 64| 65 1261127 63| 62 1 0 64| 65 1261127
128[128 128]128 128128 128]128 0] O 0f o ol O ol O
1911190 129128 L, 1921193 254|255 191190 1291128 192[193 254|255
128|128 128|128 L 128[128 1281128 of o 0 [ ] 0l o o] O
Refresh Address Refresh Address Refresh Address Refresh Address
L (63 < 0) , | (64 —~127) (63 <~ 0) ] ﬁ 64 — 127) )
T 7 N T /
Din D, D, D, D, Din Din D, D, j D.n
(Positive) D (Negative) (Positive) (Negative)
Pin8 (Row)

cell A= Row Address (Decimal) Word Driver o Sense Amp

=0 [=>]

B = Column Address (Decimal}

Sub Amp (C = Number of Bus Line)

(Column)



OXIXI semiconductor
MSM41256A -

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Page Mode Type >

GENERAL DESCRIPTION

The Oki MSM41256A is a fully decoded, dynamic NMOS random access memory organized as
262144 one-bit words. The design is optimized for high-speed, high performance applications such
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa-
tion and compact layout is required.

Multiplexed row and column address inputs permit the MSM41256A to be housed in a standard
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM
41256A offers new functional enhancements that make it more versatile than previous dynamic RAMs.
“CAS-before-RAS” refresh provides an on-chip refresh capability.

The MSM41256A is fabricated using silicon gate NMOS and Oki’s advanced VLSI Polysilicon
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense
amplifiers.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and
output are TTL compatible.

FEATURES

® 262,144 x 1 RAM, 16 or 18 pin package ® Allinputs TTL compatible, low capacitive load
® Silicon-gate, Double Poly NMOS, single ® Three-state TTL compatible output
transistor cell ® “Gated” CAS
® Row access time: ® 256 refresh cycles/4 ms
100 ns max (MSM41256A-10) ® Common I/0 capability using “Early Write”
120 ns max (MSM41256A-12) operation
150 ns max (MSM41256A-15) ® Qutput unlatched at cycle end allows
® Cycletime: extended page boundary and
200 ns min (MSM41256A-10) two-dimensional chip select
220 ns min (MSM41256A-12) ® Read-Modify-Write, RAS-only refresh,
260 ns min (MSM41256A-15) capability
® | ow power: ® On-chip latches for Addresses and Data-in
330 mW active (MSM41256A-10) ® On-chip substrate bias generator for high
303 mW active (MSM41256A-12) performance
275 mW active (MSM41256A-15) ® CAS-before-RAS refresh capability
28 mW max standby ® “Page Mode” capability

® Single +5V Supply, =10% tolerance

PIN CONFIGURATION (TOP VIEW)

. Pin Names. Function Oin A, Vss CA
a 16[ ] Vs
ss
on ] __ Ao—As | Address inputs
-OIN 2 15 CAs — °
0 ] FAS Row Address Strobe T Punction

we[]» 1w doour o drem Inouts

" CAS Column Address Strobe Mow Address Strobe
RAS[]4 13]Ar WE Write Enable Catumn Address Strobe

. Write Ensble
as[]s 12 A o Data Input Data Input
sl 1 [Jae Doyt Data Output ‘:m °(":’:')
ower (+
Al o[ Jar vee Power Supply (+5V) Ground (OV)
veods oFa Ves Ground OV No Connection
* Refresh Address * Refresh Adcress
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
o= Generator Timing
i) y : V Generator
[]
Write
Clock po————— WE
Column Column g
eﬂﬂg‘? / Decoders
Internal
Aot [ Address fa{ o otk Sense Amps o Cen [T 222t | 50
K
Row -
Address
Buffers
Row qud Data
oo | fars” Carn™ I L
ers
Vee I
VSS -
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VOUT —1to+7 \'
Voltage on Vg supply relative to Vgg Vce —1to+7 v
Operating temperature Topr Oto70 °C
Storage temperature Tstg —55to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as detailed in the operational sec-
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods

86

may affect device reliability.




= DYNAMIC RAMS - MSM41256A =

RECOMMENDED OPERATING CONDITI
(Referenced to Vgg)

ONS

. . Operatin
Parameter Symbol Min. Typ. Max. Unit Ten?peratugre

Vo 45 5.0 55 v
Supply Voltage

Vss 0 0 0 Vv 0°Cto +70°C
Input High Voltage, all inputs VIH 2.4 6.5 \
Input Low Voltage, all inputs ViL -1.0 0.8 \

DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min. | Max. | Unit | Notes

OPERATING CURRENT* MSM41256A-10 60
Average power supply current MSM41256A-12 lcc 55 mA
(RAS, CAS cycling; trg =min.) MSM41256A-15 50
STANDBY CURRENT
Power supply current Icco 5.0 mA
(RAS =CAS =V
REFRESH CURRENT 1* MSM41256A-10 55
Average power supply current MSM41256A-12 lcca 50 mA
(RAS cycling, CAS =V|H; trc =min.) |[MSM41256A-15 45
PAGE MODE CURRENT* MSM41256A-10 40
Average power supply current MSM41256A-12| Icca 35 mA
(RAS = V|, CAS cycling; tpc =min.) [MSM41256A-15 30
REFRESH CURRENT 2* MSM41256A-10 55
Average power supply current MSM41256A-12 Iccs 50 mA
(CAS before RAS; tRc = min.) MSM41256A-15 45
INPUT LEAKAGE CURRENT
Input leakage current, any input
(0V < V)N < 5.5V, all other pins not L —10 10 HA
under test =0V)
OUTPUT LEAKAGE CURRENT | 10 10 A
(Data out is disabled, OV < VoyuT < 5.5V) LO - u
OUTPUT LEVELS
Output high voltage (Ioq =—5 mA) VOH 24 \Y
Output low voltage (IpL = 4.2 mA) VoL 0.4 \Y

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the

output open.
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CAPACITANCE

(Ta =25°C, f =1 MHz2)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ As, D|N) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE) CIN2 - 7 pF
Output capacitance (DoyT) Cout - 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSM41256A- | MSM41256A- | MSM41256A-
Parameter Symbol | Unit 10 12 5 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Refresh period tREF ms 4 4 4
nggcmreead orwrite | o ns | 200 220 260
Read-write cycle time tRweC ns 205 225 260
Access time from RAS | tRaC ns 100 120 150 | 4,6
Access time from CAS | tcac ns 50 60 75 | 5,6
Sé.:g))lut buffer turn-off - ns 0 30 0 30 0 30
Transition time tT ns 3 50 3 50 3 50
RAS precharge time trRp ns 90 90 100
RAS pulse width tRAS ns | 100 | 10us | 120 | 10us | 150 | 10us
RAS hold time tRSH ns 50 60 75
CAS pulse width tcAs ns 50 | 10us | 60 | 10us | 75 | 10us
CAS hold time tcSH ns | 100 120 150

RAS to CAS delay time tRcD ns 25 50 25 60 25 75 7

CAS to RAS set-uptime | tcRs ns 20 25 30
Row address set-up

time tASR ns 0 0 0
Row address hold time tRAH ns 15 15 15
Column address set-up

time tASC ns 0 [¢] o]
Column address hold

time tCAH ns 20 20 25
Read command set-up

time tRCS ns 0 0 0
Read command hold 0 0
time referenced to CAS | RCH ns 0

Read command hold

time referenced to RAS | !RRH ns 20 20 20
:/iV":ge command set-up tWes ns 0 0 0 8
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41256A- | MSM41256A- | MSM41256A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.

Write command pulse

width twp ns 15 20 25

:livnr]i;e command hold fWGH ns 15 20 25
S P I

évTriéel::g] tTn?g ato tcwL | ns 35 40 45

Data-in set-up time tps ns 0 0 0

Data-in hold time tpH ns 20 20 25

CAStoWE delaytime | tcwp | ns 15 20 25 8
?:eTféerZ'f‘eieetng:dt it?iz% trcs | ns | 20 25 30
g_eA%erZ?eﬁg:?cggfc: 9RrA—S tFCH ns 20 25 30

?CTSe%?: '&aéii.ﬂ?‘e tCPR ns 20 25 30

RS e o tRec | ns | 20 20 20

E?ngee mode cycle tpc ns 100 120 145 .
5?—32 ?y%?: ﬁ?:: tPRWC | ns | 105 125 145 9
;':?Sce hr:rogdeetgt\f tcp ns 40 50 60 9
ngzs:ir:n%ounter test {RTG ns 315 355 415 o

R eoun't | tTRas | ns | 215 | 10us| 255 | 10us | 305 | 10us| 10

Refresh counter test
CAS precharge time tcPT ns 50 60 70 10
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Notes:
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC measurements assume tT =5 ns

ViH (Min) and V) (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V.

Assumes that trcp < trcp (Max.). If trgp is greater than the maximum recommended
value shown in this table, trac will increase by the amount that trcp exceeds the value
shown.

Assumes that trcp 2 trep (Max.).

Measured with a load circuit equivalent to 2TTL loads and 100 pF.

Operation within the tgcp (Max.) limit insures that tgac (Max.) can be met. trgp (Max.)
is specified as a reference point only; if trgp is greater than the specified tggp (Max.)
limit, then access time is controlled exclusively by tcac.

twcs and tcwp are not restrictive operating parameters. They are included in the data
sheet as electrical charcteristics only; if twcs = twcs (min.), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if towp = tcwp (min.), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

Page mode cycle.

CAS before RAS Refresh Counter Test Cycle only.
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READ CYCLE

RC
tRAS |
J— Vin—- Y
RAS o N
tcsH tRp
, 1
CRS tRCD tRSH '
/ tcas
— ViH— '4
CAS V;[‘_ / N\ / /
tASR | [tRAH tASC tcAH

ViH— Row Column

Addresses ViL— Address Address
| t
tRCSr—" I | tRCH _TH

—_ VlHym w /
WE 1

ViL | CAC A

| tRAC — [~ 'oFF
VOH- é Valid
ouT VOL" 1 Data w

% Don’t Care

WRITE CYCLE (EARLY WRITE)

" RC
RAS ViH- N e i \_
ViL— 7
teRs tcsH le——tRp —
tRSH RP
tRCD tcas
N ViH— F
oas R\ [/
ViL—
tASR| |tRAH tASC CAH
j-— ‘——‘
ViH— Row Column
Addresses VIL_% Address Address %
t |
twes ~tWCH>| owr l |
WE ViH— twp
ViL— .|
TRWL 1
tps L ——-tDH
ViH— Valid
DN Vi~ % Data
Vv -
DouT Vgl:_ { OPEN }
% Don’t Care
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READ-WRITE/READ-MODIFY-WRITE CYCLE

" TRWC |
RAS
mAS  ViHT 7Y \
ViL— . N - _11
CRS| [+ CSH— o) ¥ trp—d
r tRCD tcas
N ViH— ¢ 7
cas v L /|
tRAH tasc
fhA

TASR <——1tCAH |
ViH— Row Column

| —tcwL—]
tRCS i tcwD e—tRWL
—_— ViH—
WE ViL— l 8 ] /
tcac —twp—] ———l ~—tOFF
VoH— X ; h
DOUT  vgp— { Open p———d Valid Data P
tRAC
tDg =i tDH
D VIiH— Valid
IN ViL— Data
V/A Don’t Care
PAGE MODE READ CYCLE

tRAS

tRSH——= {=tRpP

Y

tOFF
|

oL~ 1RCS
, ~ tRCS tRCﬂ] '___’ N '-—IR;:—PL.’
w I 7 )

::Hu'qu::Donrt care
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PAGE MODE WRITE CYCLE
tRAS
— VIH-
RA ViL - . /
’ —tRSH— =R
=—tCAS
~—= VIH- —
CAS vy - /
tASR tasc|[T['CAH
L
ViH-
Addresses | 1" WY
tWCH
tCWL |
RV
we IM-7 WA
WP, - Wt .
v tDs[=ir=tDH~ _ tps{— j=!DH— S ion et
o yli- Valid Datal valid oataW / ( valid Da&%
EZA '+, L = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

|

D
>
[}

CAS

Addresses

Dout

ViH_=
ViL—

tRAS

VIH_=
ViL—

tASR
ViH—
ViL—_

—=t
™ A

=

tncsL tcwD
twp

‘tRP‘ﬂ WO |

ViH—
ViL—

4

i DS |1DH

3'H|

twe

ViH—
ViL— «

7 /// 777

=

b

//// ///// L

VOoH—

l——tCAc
|~—~tRAc

VoL—

OPEN

L
'OFF 1—tCAc tCAC
OPEN

eam-.

“L" = Don't Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS =V, WE, D) = Don't care
RC
tRAS
RAS ViH— i’ \
ViL— St b, ) W
<—tRAH— RP
tASR ~—
ViH— Row
Addresses ViL— Address
VoH— ) X
DouT VoL— { OPEN }
/] Don't Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, D = Don’t care
tRC
RP
t |
RAS ViH —_/—_ﬁ& RAS 4/ b
ViL =
tFcs TFCH tRPC
CPR
— Vig —
CAS ViL— 7
— tOFF
VoH— b ) .
DouT VoL— > —{ OPEN }
Don’t Care

95



u DYNAMIC RAMS - MSM41256A =

HIDDEN REFRESH CYCLE

|

o
(%]

Addresses

WE

(Read-Write) Vy_—

tRC
tRp—
ViH — \ tRAS { \ tRAS J/
ViL — 3
CRs t —
~—trco—{ " "0 tcas
ViH — / 3 ‘ tFCH— #
ViL — tRAH Q\ :;
TASR| =" tcaH
tAsc-L— — ’
|
VIH — Row Column
viL — Address R 7%
I
tRCS f— L—— tRRH
|
ViH —
ViL — / tcac W
L—TRAC — tOFF
- ¥
VoH { Valid Data
VoL—
tcwD
tRCS -| b twp
7

Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRTC y
J— tTRAS
RAS ViH— TN Vi
ViL— " " .
tFCs CPT RSH l=—1tRP
tCSH—— I-—— .
CAS ViH— _\ N cas N\
ViL— tasc o
—T*CAH
ViH—
Addresses ViL— Col. Address
tRCS"“’ | ’ l l-——tRRH
J— ViH—
WE (Read) | '" 7
Vi fcac tRCH
v I | TOFF
OH— 7 )
Valid Dat: }——
DOUT VorL— 4 ali ata p
tRcs tcwp | f=~—tcwL —=
~—tRwL
_ ViH— - twp
WE (Write) VIT‘ / \t
tps
I -<_tDH-—-.I
D ViH— 7 -
IN ViL— // % Valid Data W
Don’t Care
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FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSM41256A has the circuit considera-
tions for easy operational timing requirements
for high speed access time operations. The
MSM41256A can operate under the condition of
tRcD (max) = tcac which provides an optimal
time space for address multiplexing. In addition,
the MSM41256A has the minimal hold time of
Address (tcaH), WE (twcH) and DyN (tpH)- And
the MSM41256A can commit better memory
system through-put during operations in an inter-
leaved - system. Furthermore, Oki has made
timing requirements referenced to RAS non-
restrictive and deleted from the data sheet,
which includes tpaR, twcR. tDHR and tRwbD-
Therefore, the hold times of the Column Address
Djn and WE as wel as towp (CAS to WE Delay)
are not restricted by trcp.

Fast Read- While-Write Cycle:

The MSM41256A has the fast read while
write cycle which is achieved by excellent con-
trol of the three-state output buffer in addition
to the simplified timings described in the pre-
vious section. The output buffer is controlied
by the state of WE when CAS goes low. When
WE is low during CAS transition to low, the
MSM41256A goes to early write mode where
the output becomes floating and common /0
bus can be used on the system level. Whereas,
when WE goes low after tgwp following CAS
transition to low, the MSM41256A goes to
delayed write mode where the output contains
the data from the cell selected and the data from
D|N is written into the cell selected. Therefore,
very fast read write cycle becomes available.

Address Inputs:

A total of eighteen binary input address bits
are required to decode any 1 of 262,144 storage
cell location within the MSM41256A. Nine row-
address bits are established on the input pins
(Ao through Ae) and latched with the Row Ad-
dress Strobe (RAS). Then nine column address
bits are established on the input pins_and
latched with the Column Address Strobe (CAS).
All input addresses must be stable on or before
the falling edge of RAS. CAS is internally inhibit-
ed (or “gated”) by RAS to permit triggering of
CAS as soon as the Row Address Hold Time
(traH) specification has been satisfied and the
address inputs have been changed from row-
addresses to column-addresses.

% DYNAMIC RAMS - MSM41256A

Write Enable:

The read or write mode is selected with the
WE input. A logic “high” on WE dictates read
mode, logic “low” dictates write mode. Data input
is disabled when read mode is selected.

Data Input:

Data is written into the MSM41256A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D|N)
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, D)\ is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DN is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

The output buffer is three-state TTL compati-
ble with a fan-out of two standard TTL loads.
Data out is the same polarity as data in. The
output is in a high impedance state until CAS is
brought “low”. In a read cycle, or a read-write
cycle, the output is valid after tgac from transi-
tion of RAS when tRcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after trcp (max). Data remain valid until
CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.
Page Mode:

Page-mode operation permits strobing the
row-address while maintaining RAS at a logic
low (0) throughout all successive memory opera-
tions in which the row-address doesn’t change.
Thus the power dissipated by the negative going
edge of RAS is saved. Further, access and cycle
times are decreased because the time normally
required to strobe a new row-address is elimi-
nated.
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RAS Only Refresh:

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (Aoto A-) at least
every 4 milliseconds. RAS only refresh avoids
any output during refresh because the output
buffer is in the high impedance state unless CAS
is brought low. Strobing each of the 256 row-
addresses (Ao to A-) with RAS will cause all bits
in each row to be refreshed. Further RAS only re-
fresh results in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:

CAS before RAS refreshing available on the
MSM41256A offers an alterhate refresh method.
If CAS is held on low for the specified period
(trcs) before RAS goes to low, on chip refresh
control clock generators and the refresh address
counter are enabled, and an internal refresh op-
eration takes place. After the refresh operation is
performed, the refresh address counter is auto-
matically incremented in preparation for the next
CAS before RAS refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place while
maintaining latest valid data at the output by ex-
tending CAS active time from the previous
memory read cycle. In MSM41256A hidden re-
fresh means CAS before RAS refresh and the in-
ternal refresh addresses from the counter are
used to refresh_addresses, because CAS is
always low when RAS goes to low in this mode.
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CAS Before RAS Refresh Counter Test Cycle:
A special timing sequence using CAS before
RAS counter test cycle provides a convenient
method of verifying the functionality of CAS
before RAS refresh activated circuitry. As shown
in CAS before RAS Counter Test Cycle, if CAS
goes to high and goes to low again while RAS is
held low, the read and write operation are
enabled. A memory cell address, consisting of a
row address (9 bits) and a column address (9
bits), to be acceded can be defined as follows:
* AROW ADDRESS
— Bits Aothrough A~ are defined by the refresh
counter. The other bit As is set “high”
internally.
* A COLUMN ADDRESS
— All the bits Ao through As are defined by
latching levels on Ao through As at the
second falling edge of CAS.

Suggested CAS before RAS Counter Test
Procedure: - _
The timing, as shown in CAS before RAS

Counter Test Cycle, is used for all the operations

described as follows:

(1) Initialize the internal refresh counter. For
this operaton, 8 cycles are required.

(2) Write a test pattern of lows into memory
cells at a single column address and 256
row addresses.

(3) By using read-modify-write cycle, read the
low written at the last operation (Step (2))
and write a new high in the samef cycle. This
cycle is repeated 256 times, and highs are
written into the 256 memory cells.

(4) Read the high written at the last operation
(Step (3)).

(5) Complement the test pattern and repeat the
steps (2), (3) and (4).



MSM41256A Bit Map (Physical-Decimal)
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OPin16
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
128 (128 | 128 | 128 128 [ 128 | 128 | 128 128 {128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 -| 384 | 384 | 384 384 | 384 | 384 | 384
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
129 (129 | 129 | 129 129 | 129 | 129 | 129 129 | 129 | 129 [ 129 129 | 129 ‘1 29 | 129
252 | 253 | 254 | 255 3 2 1 0 § 256 | 257 | 258 | 259 511 | 510 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 o 385 | 385 | 385 | 385 385 | 385 | 385 | 385
2
p4
252 | 253 | 254 | 255 3 2 1 0 % 256 | 257 | 258 | 259 511 | 510 | 509 | 508
254 | 254 | 254 | 254 254 | 254 | 254 | 254 6‘ 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 253 | 254 | 255 3 2 1 0 © 256 | 257 | 258 | 259 511 | 510 | 509 | 508
510 | 510 | 510 | 510 510 | 510 | 510 | 510 510 [ 510 | 510 | 510 510 | 510 | 510 | 510
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 2565 | 255 | 255 255 | 255 | 255 | 255
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
511 | 511 | 511 | 511 511 [ 511 | 511 | 511 511 | 511 | 511 | 511 511 | 511 511 | 511
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
383 (383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
127 (127 [ 127 [ 127 127 1127 {127 | 127 127 | 127 | 127 | 127 127 | 127 | 127 | 127
252 | 253 | 254 | 255 3l 2| 1] o 256 | 257 | 258 |259 511 | 510 | 509 | 508
382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382
252 253 254 | 255 3 2 1 0 5 256 | 257 | 258 | 259 511 | 510 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 8 126 | 126 | 126 | 126 126 | 126 | 126 | 126
[&]
8
252 | 253 | 254 | 255 3 2 1 0 § 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 | 257 257 | 257 | 257 | 257
252 | 253 | 254 | 255 3 2 1 0 8 256 | 257 | 2568 | 259 511 | 510 | 509 | 508
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
o] 0 o] o] 0 o] o] o] 0 o] 0 0 o] o] o] 0
A8 ROW ="L" A8 ROW =“H"
REFRESH ADDRESS REFRESH ADDRESS
(0 - 255) (0—255)
o
Pin8
. GELL A =ROW ADDRESS (DECIMAL)
B B = COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6, 8N+7, 8N, BN-+1 2N : POSITIVE
8N+2, 8N+3. 8N'+4, BN+5 2N “NEGATIVE
8N+6, 8N+7. 8N, 8N+1 2N+1 ' NEGATIVE
8N+2, BN+3, 8N+4, 8N+5 2N+ :POSITIVE
N=0, 1,2, N=0,1,2, 255
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OKI semiconductor
MSM41257A

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Nibble Mode Type >

GENERAL DESCRIPTION

The Oki MSM41257A is a fully decoded, dynamic NMOS random access memory organized as
262144 one-bit words. The design is optimized for high-speed, high performance applications such
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa-
tion and compact layout is required.

Multinlexed row and column address inputs permit the MSM41257A to be housed in a standard
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the
MSM412ﬂ offersm functional enhancements that make it more versatile than previous dynamic
RAMs. ““CAS-before-RAS" refresh provides an on-chip refresh capability.
high speed serial access to up to 4 bits of data.

The MSM41257A is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense
amplifiers.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and
output are TTL compatible.

FEATURES

® 262,144 X 1 RAM, 16 or 18 pin package ® Single +5V Supply, ==10% tolerance
® Silicon-gate, Double Poly NMOS, single ® Allinputs TTL compatible, low capacitive load
transistor cell ® Three-state TTL compatible output
® Row access time: ® “Gated” CAS
100 ns max (MSM41257A-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41257A-12) ® Common |/0 capability using “Early Write”
150 ns max (MSM41257A-15) operation
® Cycletime: ® Qutput unlatched at cycle end allows
200 ns min  (MSM41257A-10) extended page boundary and
220 ns min  (MSM41257A-12) two-dimensional chip select
260 ns min  (MSM41257A-15) ® Read-Modify-Write, RAS-only refresh,
® |Low power: capability
330 mW active (MSM41257A-10) ® On-chip latches for Addresses and Data-in
303 mW active (MSM41257A-12) ® On-chip substrate bias generator for high
275 mW active (MSM41257A-15) performance
28 mW max standby ® CAS-before-RAS refresh capability
® “Nibble Mode” capability

PIN CONFIGURATION (TOP VIEW)

Din A, Vgs CAS
. - Pin Names Function
A1 16[ JVss 2118
_ Ao~ As Address Inputs 7 Pin N
on[]2 15[ ] CAS — n Nemes Function
. E RAS Row Address Strobe WE Dout A, ~ A, Address Inputs
we[]s — A
14[J0%our 53 Column Address Strobe RAS Az 5;5 :" Address Strobe
— . — olumn Address Strobe
RAS[] 4 137 As WE Write Enable NC NC wE Write Enable
. . Ay Al
A []s 12[J As Din Data Input N as g:“ g::' :":
N " a Output
Ar[Je 1" :] A Dout Data Output Vee Power (+5V)
A.'E 7 10 :l As Vee Power Supply (+5V) 8 9101 Vss Ground (0V)
TUTo NC No Connection
vec s o[ Vss Ground (V) At ATAl
N * Refresh
* Refresh Address Vee sirosh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS | Timing
x5 Generator I r Timing
Al
) y J Generator
1
Write —_—
Clock js————— WE
Column Column Generator,
335’;25 / Decoders
Internal
Refresh | o
Ao=hs [ Address e 1 ontrol Clock Sense Amps /0. Output |
Counter . ] Selection | _| Buffer Dout
' H
Row - -
Address
Buffers
Row Word Data
De- Driv- g:'r,r;ory Input o
:?:' ers Register

Vee

VSS ——-—

OnchipVgg

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VouT —1to+7 v
Voltage on Vg supply relative to Vgg vVce —-1to+7 \
Operating temperature Topr Oto70 °C
Storage temperature - Tstg -55to0 +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as detailed in the operational sec-
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
‘ . . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
Vee 45 5.0 55 v
Supply Voltage
Vss 0 (o] (o] \ 0°Cto +70°C
Input High Voltage, all inputs | V|4 24 6.5 v
Input Low Voltage, all inputs ViL -1.0 0.8 \"
n DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min. | Max. | Unit |Notes
OPERATING CURRENT* MSM41257A-10 60
Average power supply current MSM41257A-12 | Icc1 55 mA
(RAS, CAS cycling; trg =min.) MSM41257A-15 50
STANDBY CURRENT
Power supply current Icc2 50 mA
(RAS =CAS =V|p)
REFRESH CURRENT 1 MSM41257A-10 55
Average power supply current MSM41257A-12 | Iccs 50 mA
(RAS cycling, CAS = V|H; trc =min.) 'MSM41257A-15 45
NIBBLE MODE CURRENT* MSM41257A-10 30
Average power supply current MSM41257A-12 | Icca 27 mA
(RAS = V|, CAS cycling; tNc =min.) [MSM41257A-15 25
REFRESH CURRENT 2 MSM41257A-10 55
Average power supply current MSM41257A-12 | Iccs 50 mA
(CAS before RAS; trg = min.) MSM41257A-15 45
INPUT LEAKAGE CURRENT | 10 10 A
Input leakage current, any input LI - K
(OV <V|N < 5.5V, all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT I _10 10 A
(Data out is disabled, OV < VouT < 5.5V) Lo ®
OUTPUT LEVELS
Output high voltage (IpH = —5 mA) VOH 2.4 \'
Output low voltage (I = 4.2 mA) VoL 0.4 \Y

Note*: Igc is dependent on output loading and cycle rates. Specified values are obtained with the
output open.
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CAPACITANCE
(Ta =25°C,f =1 MHz)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao — As, DN) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE) CIN2 - 7 pF
Output capacitance (DoyT) Cout - 7 pF

Capacitance measured with Boonton Meter.

103




= DYNAMIC RAMS - MSM41257A =

AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,3

MSM41257A- | MSM41257A- | MSM41257A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.

Refresh period tREF ms 4 4 4
| Random read or write
cycle time trC ns 200 220 260
Read-write cycle time tRwC ns | 205 225 260
| Access time from RAS | trac | ns 100 120 150 | 4,6

n Access time from CAS | tcac ns 50 60 75 | 5,6

Output buffer turn-off

delay tOFF ns 0 30 o 30 o 30
Transition time tT ns 3 50 3 50 3 50
RAS precharge time trp ns 90 90 100
RAS pulse width tRAS | ns | 100 | 10us | 120 | 10us | 150 | 10us
RAS hold time tRSH ns 50 60 75
CAS pulse width tcas ns 50 | 10us 60 | 10us 75 | 10us
CAS hold time tcsH | ns | 100 120 150

RAS to CAS delay time trRcD ns 25 50 25 60 25 75 7

CAS to RAS set-up time | tcrs ns 20 25 30
Row address set-up

time tASR ns 0] 0 0
Row address hold time tRAH ns 15 15 15

Column address set-up
time tasc ns 0] 0 0

tci;:II:mn address hold tCAH ns 20 20 25

Read command set-up
time tRcs ns 0 0 0

Read command hold o
time referenced to CAS | tRCH ns 0 0

Read command hold
time referenced to RAS | tRRH ns 20 20 20

Write command set-up
time twecs ns 0 0 0 8
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41257A- | MSM41257A- | MSM41257 A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.

xlvlg:ﬁ command pulse twp ns 15 20 05

¥ivn:i;e command hold fWCH ns 15 20 05
\évTriéﬁ::grir::d © tRWL ns 35 40 45

%ﬁ::én time @ tcwL | ns | 35 40 45

Data-in set-up time tps ns 0 0 [¢]

Data-in hold time tDH ns 20 20 25

CAS to WE delay time tCWDY ns 15 20 25 8
et o | m | | | m| |
%ﬁi?el:::?cggfc: RAS | trcH | ns | 20 25 30
s e L R I B
T e || w| || | a0
::\l)i,t::tl.)éeﬁrrrr\]c;de read/write NG ns 60 70 80 °
L\I;I(o:tl);et ir:r:c(;de read-write INRWG | NS 60 10 80 °
:\il'i“b:le mode access tNcac | ns 05 30 a5 o
s&ll)g;ewr?gt:e CAS tNCAS | ns 25 30 35 9
Drocharas tme | tNop | ns | 28 30 35 5
%lﬁoﬁoﬁfad tNRRSH ns 25 30 35 9
%lﬁ;&oﬁ;: rite tNWRSH| ns 45 50 60 9
:\illi:: Lifzfg:cﬁr%qs' tRNH ns 25 30 35 9
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41257A- | MSM41257A- | MSM41257A-
10 12 15

Parameter Symbol | Unit Notes
Min. | Max. | Min. | Max. | Min. | Max.
?;é::?irr‘niounter test fRTG ns | 315 355 415 o
%i—‘s'e;;‘,;’g umertest | \tras | ns | 215 | 1ous [ 255 | 10us | 305 | 10us | 10
GRS precharge ime | 1CPT | ns | 50 60 70 10

Notes: 1
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC characteristics assume attT =5 ns
ViH (Min.) and V| (Max.) are reference levels for measuring of input signals. Also transi-

_ tion times are measured between V|4 and V.

Assumes that trcp < trep (Max.). If trep is greater than the maximum recommended
value shown in this table, tgac will increase by the amount that trgp exceeds the value
shown.

Assumes thattRcp = treD (Max.).
Measured with a load circuit equivalent to 2TTL loads and 100 pF.

Operation within the tgcp (Max.) limit insures that tRac (Max.) can be met. trcp (Max.)
is specified as a reference point only; if tRcp is greater than the specified trgp (Max.)
limit, then access time is controlled exclusively by tcac.

twcs and towp are not restrictive operating parameters. They are included in the data
sheet as electrical charcteristics only; if twcs > twgs (minJ), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if tcwp = tcwp. (min.), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

Nibble mode cycle.
CAS before RAS Refresh Counter Test Cycle only.
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READ CYCLE
RC
tRAS
PR Vin— Y ' \
RAS N /| N
tcsH ~—tRp—
1
CRS tRCD ttns”
¢ CAS
— ViH— 4
CAS v:’:_ \ /
tASR | [tRAH tASC tCAH
pd, ._.I
IH™ Row Column
Addresses ViL— % Address @ Address W %
f tRRH
‘RCSI‘—" | — | tRCH |=~—
_ ViH—
WE ViL— ! tcac
| tRAC — [~ 'OFF
VoH- ) ) A Vvaid
DOUT VOL“ { OPEN | X Data 4
% Don’t Care
WRITE CYCLE (EARLY WRITE)
" RC ,
I ViH— y RAS
RAS Vi— ) \__
tcRs tcsH tRsH tRp—=
RCD tcAs
— ViH— p
CAS V'I':_ \\ /
tASR| |TRAHtAsc|  ['CAH ‘
Addresse ViH— Row ColumnW %
resses ViL— Address 4 Address
tcwL |
twcs [~ tweH |
WE ViH— wp
ViL— “
I TRWL 1
tDs f*— —1pH
ViH— Valid
Din ViL— %; Data
VOH- . .
DouT VoL- { OPEN M .
/] pon'tcare
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READ-WRITE/READ-MODIFY-WRITE CYCLE

- tRwC |
RA ViH— —'\ Aas
ViL= N— 7
tcRs CSH T o ! tRp—
; tRCD tcas
| CAS :,/:':: j’ \ /
‘ TRAH tAasc
tASR —= CAH ‘
‘ IH— Column /
Addresses _ Address W %
; ViL
| l—tcwL—]
| tRCs f tcwD ~—tRWL
| = ViH—
U 7 S a—"
tcAC [—twp— —-| toFF
VOoH— - Valid Data
DouT v - - open ——X f

tRAC
pDs DH
D Vin— Valid
IN ViL— Data

% Don’t Care

NIBBLE MODE READ CYCLE

RP
AL
tRAS
RAS :’,"*L‘: /
tcRs tRCDtCSH tNe tNRRSH
le—t e
CAS \\il.t: .I tasC e \‘ fr_\c_/_“\‘-——/ L‘Ei“
e
tASR _»tRé__' teAM tNep | |tNCAS
Addresses \\;:':: i 23‘{,’_ x ,g'gcli.

X,

tFz]cs_>l l«— tRCH_.‘ *ll'*‘ﬁcs tRCH

wE ViH— : %

" ViLe I / tCAC L W W %
toFF |INCAC

L——tRAc——» tOFF

VoHn— 7 Valid Valid Valid
DouT VoL— : N Data 4 Data Data

Don’t Care

108



a DYNAMIC RAMS - MSM41257A =

NIBBLE MODE WRITE CYCLE
RP
v tRAS
RAS H= N 7
Vil CRS t t t
__‘-*_ *Rop CSH NG NWRSH | | tRNH
le— T
J— VIiH— CAS— s
CAS ViL— ./jr N / \ / \ j
tASR| [tRAH | [tCAH Ncp
" B INCAS
v ASC
- R Col.
Addresses V::‘— Ag;v, \ Add. / %C
1 e—={ tWwCH ‘RWL"l
twes = WCH
WP~
we o %N 2/
WE ViL— ' / .
tps| |toH WP
S e
D ViH— Valid %' Valid Valid )@( Valid W
IN ViL— Data Data 4 Data Data
DouT VoH— { Open |
VoL— P
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
tRP
RAS
RA
s ViL— /| \—
tcRs tCAH . INWRSH| | tTRNH
H S |
tRCD cas NRWC
J— ViH— t_\ /_\ 1—1€
CAs ViL— 7 / /
YASR| [tRAH| |tCAH INCP
r—— R ‘ tNCAS
— —tAsC | |
Vig—
Addresses V:E‘ }1233’ gg:, jW m:
- i
tCWD == tICWL — = tewL L"‘RWL
v 707
WE ViL— / % / ! "/
tcAC l——-| - ~—tNcac
tRac—=| | WP tov=||= twp
VoH— ( Valid } <‘ Valid > ( Valid ) (Valid )
Dout VoL- Data Data Data Data
ps
1 —]
DS LL_—~tDH '<—> L—‘ltDH
o ViH— ° Valid Valid Valid >@< Valid W
IN ViL— %:; Data Data Data Data
% Don’t Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS = V), WE, D)y = Don't care
‘ RC
tRAS
RAS MU ) i b
ViL— N 7 \——
‘ e—tR AH — tRpP
| tasR—{ ~—
|
v K anars
Addresses
n V|L— Address
VoH—
D { OPEN }
oUT vy -
[/} Don't Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don’t care
tRC
tRP
_ Vig — | tRAS | |
RAS Vil — / N k \______.
tFcs tFCH tRPC
tCPR
J— Vi —
CAS ViL— %
~—tOFF
VoH— X
{ OPEN }
DouTt VoL- 1y 1 f
Don’t Care

110




HIDDEN REFRESH CYCLE
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o
>
7

Addresses

WE

ViL —

ViH —
ViL -

ViH —
L=

VIH —
ViL -

VoH—
VoL—

ViH—

(Read-Write) Vj —

tRC

le—tRp —=

RAS

CRs

~—tRSH

=

tcAs

tRAS

7

TASR

TFCH

tCAH

f Row
Address

Co

umn
Address _J

1
tRCs

L

tRRH

\ ]

tcac

L

RAC ———

tOFF

y d

X

Valid Data

tcwD

tRcs —-l
7

Lk

Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

|

D
>
[2]

CAS

Addresses

DouT

=

JE— \%
WE (Read)

Y
E (Write)

ViH—
ViL—

ViH=
ViL—

ViH—

VIiH—
ViL—

tRTC y
1TRAS
N /l
t 1 t, le— 1
FCS tesh CPT RSH RP
- / ,\ tcas \
tasc 7
~—T1CAH
/ Col. Address
'RCS [=—= I l l—~tRRH
7 1.
CAC tRCH
L‘—’ tOFF
{ Valid Data —
)\ 7
tRcs tcwp | f=—tcwL —=|
~—tRwWL
twpP /
¥
tps

-—TDH——1

Valid Data W

Don’t Care

111




= DYNAMIC RAMS - MSM41257A =

FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSM41257A has the circuit considera-
tions for easy operational timing requirements
for high speed access time operations. The
MSM41257A can operate under the condition of
trcp (max) = tcac which provides an optimal
time space for address multiplexing. In addition,
the MSM41257A has the minimal hold time of
Address (tcaH), WE (twcH) and DN (tpH). And
the MSM41257A can commit better memory
system through-put during operations in an inter-
leaved system. Furthermore, Oki has made
timing requirements referenced to RAS non-
restrictive and deleted from the data sheet,
which includes taR, twcR, tDHR and tRwpD-
Therefore, the hold times of the Column Address
DiN and WE as well as towp (CAS to WE Delay)
are not restricted by tgrcp.

Fast Read- While-Write Cycle:

The MSM41257A has the fast read while
write cycle which is achieved by excellent con-
trol of the three-state output buffer in addition
to the simplified timings described in the pre-
vious section. The output_buffer is controlled
by the state of WE when CAS goes low. When
WE is low during CAS transition to low, the
MSM41257A goes to early write mode where
the output becomes floating and common 1/0
bus can be used on the system level. Whereas,
when WE goes low after tgywp following CAS
transition to low, the MSM41257A goes to
delayed write mode where the output contains
the data from the cell selected and the data from
DN is written into the cell selected. Therefore,
very fast read write cycle becomes available.

Address Inputs:

A total of eighteen binary input address bits
are required to decode any 1 of 262,144 storage
cell location within the MSM41257A. Nine row-
address bits are established on the input pins
(Ao through As) and latched with the Row Ad-
dress Strobe (RAS). Then nine column address
bits are established on the input pins_and
latched with the Column Address Strobe (CAS).
All input addresses must be stable on or before
the falling edge of RAS. CAS is internally inhibit-
ed (or “gated”’) by RAS to permit triggering of
CAS as soon as the Row Address Hold Time
(tRAH) specification has been satisfied and the
address inputs have been changed from row-
addresses to column-addresses.

Write Enable:

___The read or write mode is selected with the
WE input. A logic “high” on WE dictates read
mode, logic “low” dictates write mode. Data input
is disabled when read mode is selected. .
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Data Input:

Data is written into the MSM41257A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D|N)
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, D is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DN is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

The output buffer is three-state TTL compati-
ble with a fan-out of two standard TTL loads.
Data out is the same polarity as data in. The
output is in a high impedance state until CAS is
brought “low”. In a read cycle, or a read-write
cycle, the output is valid after trac from transi-
tion of RAS when trcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after trgp (max). Data remain valid until
CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.
Nibble Mode:

Nibble mode allows high speed serial read,
write or read-modify-write access of 2, 3 or 4
bits of data. The bits of data that may be ac-
cessed during nibble mode are determined by
the 8 row addresses and the 8 column addres-
ses. The 2 bits of addresses (CAs RAs) are used
to select 1 of the 4 nibble bits for initial access.
After the first bit is accessed by normal mode,
the remaining nibble bits may be accessed by
CAS “high” then “low” while RAS remains “low”.
Toggling CAS causes RAs and CAs to be incre-
mented internally while all other address bits are
held constant and makes the next nibble bit
available for access. (See Table 1)

If more than 4 bits are accessed during
nibble mode, the address sequence will begin to
repeat. If any bit is written during nibble mode,
the new data will be read on any subsequent
access. If the write operation may be executed
again on subsequent access, the new data will
be written into the selected cell location.

In nibble mode, the three-state control of
DourT Pin is determined by the first normal ac-
cesscycle. -

The data output is controlled by only WE
state referenced at CAS negative transition of
the normal cycle (first Nibble bit). That is, when
twes > twes (min) is met, the data output will
remain open circuit throughout the succeeding
Nibble cycle regardless of WE state. Whereas,
when tcwp > tcwp (min) is met, the data
output will contain data from the cell selected

during the succeeding nibble cycle regardless of

WE state. The write operation is done during the
period where WE and CAS clocks are low.
Therefore, write operation can be done bit by bit
during each nibble operation at any timing condi-
tions of WE (twcs and tcwp) at the normal
cycle (first Nibble bit).
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Table1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE
NIBBLE ROW COLUMN

SEQUENCE BIT RAs ADDRESS CAs ADDRESS

RAS/CAS (normal mode) 1 0 10101010 O 10101010 ...inputaddresses
toggle CAS (nibble mode) 2 1 10101010 O 10101010

toggle CAS (nibble mode) 3 0 10101010 1 10101010 generated inter-

. nally sequence

toggle CAS (nibble mode) 4 1 10101010 1 10101010 repeats

toggle CAS (nibble mode) 1 0 10101010 O 10101010

RAS Only Refresh:

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (Aoto A-) at least
every 4 milliseconds. RAS only refresh avoids
any output during refresh because the output
buffer is in the high impedance state unless CAS
is brought low. Strobing each of the 256 row-
addresses (Ao to A-) with RAS will cause all bits
in each row to be refreshed. Further RAS only re-
fresh results in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:

CAS before RAS refreshing available on the
MSM41257A offers an alternate refresh method.
If CAS is held on low for the specified period
(trcs) before RAS goes to low, on chip refresh
control clock generators and the refresh address
counter are enabled, and an internal refresh op-
eration takes place. After the refresh operation is
performed, the refresh address counter is auto-
matically incremented in preparation for the next
CAS before RAS refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place while
maintaining latest valid data at the output by ex-
tending CAS active time from the previous
memory read cycle. In MSM41257A hidden re-
fresh means CAS before RAS refresh and the in-
ternal refresh addresses from the counter are
used to refresh_addresses, because CAS is
always low when RAS goes to low in this mode.

CAS Before RAS Refresh Counter Test Cycle:
___ A special timing sequence using CAS before
RAS counter test cycle provides a convenient
method of verifying the functionality of CAS
before RAS refresh activated circuitry. As shown
in CAS before RAS Counter Test Cycle, if CAS
goes to high and goes to low again while RAS is
held low, the read and write operation are
enabled. A memory cell address, consisting of a
row address (9 bits) and a column address (9
bits), to be acceded can be defined as follows:
* AROW ADDRESS
— Bits Aothrough A~ are defined by the refresh
counter. The other bit As is set “high”
internally.
* ACOLUMN ADDRESS
— All the bits Ao through As are defined by
latching levels on Ao through As at the
second falling edge of CAS.

Suggested CAS before RAS Counter Test
Procedure: . .
The timing, as shown in CAS before RAS

Counter Test Cycle, is used for all the operations

described as follows:

(1) Initialize the internal refresh counter. For
this operaton, 8 cycles are required.

(2) Write a test pattern of lows into memory
cells at a single column address and 256
row addresses.

(3) By using read-modify-write cycle, read the
low written at the last operation (Step (2))
and write a new high in the same cycle. This
cycle is repeated 256 times, and highs are
written into the 256 memory cells.

(4) Read the high written at the last operation
(Step (3)).

(5) Complement the test pattern and repeat the
steps (2), (3) and (4).
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NIBBLE MODE

1) The case of first nibble cycle is Early write

s T\ S~
s SN\ N\
W TT\___/ \ Y

DouT ). High-2
L‘Early Write ~J, No Ope. .1 Write l Write !
(Add Increment) P7] : Valid Data

2) The case of first nibble cycle is delyed write (Read-Write)

I‘— Read-Write—»L— Read-Write ! Read !— Read-Write ->l

/] Valid Data
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MSM41257A Bit Map (Physical-Decimal)
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QPin16
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
128 [ 128 | 128 | 128 128 | 128 | 128 | 128 128 [ 128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 | 384 | 384 | 384
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
129 (129 [ 129 | 129 129 | 129 [ 129 | 129 129 [ 129 | 129 | 129 129 | 129 | 129 | 129
252 | 253 | 254 | 255 3 2 1 0 g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 (@) 385 | 385 | 385 | 385 385 | 385 | 385 | 385
g
P4
252 | 253 | 254 | 255 3 2 1 0 g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
254 | 254 | 254 | 254 254 | 254 | 254 | 254 6’ 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 2563 | 254 | 255 3 2 1 [o] © 256 | 257 | 258 | 259 511 510 | 509 | 508
510 | 510 | 510 | 510 510 | 510 | 510 | 510 510 [ 510 { 510 | 510 510 | 510 | 510 | 510
252 | 2563 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 5610 | 509, | 508
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 2565 | 255 | 255
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
511 511 511 | 511 511 | 511 | 511 | 511 511 | 511 | 511 | 511 511 ] 511 | 611 | 511
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 [o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383
252 | 2563 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
127 (127 (127 {127 127 L1 27 | 127 {127 127 | 127 | 127 | 127 127 | 127 | 127 | 127
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382
252 | 253 | 254 | 255 3 2 1 0 E' 256 | 257 | 258 | 259 511 | 510 | 509 | 508
126 [ 126 | 126 | 126 126 | 126 | 126 | 126 8 126 | 126 | 126 | 126 126 | 126 | 126 | 126
(&)
&
252 | 253 | 254 | 255 3 2 1 0 § 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 | 257 257 | 257 | 257 | 257
252 | 253 | 254 | 255 3 2 1 ] 8 256 | 257 | 258 | 259 511 | 5610 | 509 | 508
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
o] [0} 0 o] 0 0 o] [o] o] 0 o] (o] 0 [o] o] 0
A8ROW =“L" ABROW =“H"
REFRESH ADDRESS REFRESH ADDRESS
(0-255) (0 - 255)
=
Pin8
m . ceLL A =ROW ADDRESS (DECIMAL)
B B = COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6,8N+7, 8N, BN+1 2N - POSITIVE
8N+2, 8N+3. 8N'+4, BN+5 2N “NEGATIVE
8N-+6, 8N+7. 8N, 8N+1 2N+ ' NEGATIVE
8N+2, 8N+3. 8N '+4, BN+5 2N+ - POSITIVE
N=0, 1,2, 63 N=0,1,2, 265
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OKI semiconductor
MSM41464

65,536-WORD X 4-BITS DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as
65,536 words by 4 bits. The design is optimized for high-speed, high performance applications such
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa-
tion and compact layout is required.

Multinlexed row and column address inputs permit the MSM41464 to be housed in a standard 18
pin DIP or PLCC. Pin-outs. conform to the JEDEC approved pin out. Additionally, the MSM41464
offers new functional enhancements that make it more versatile than previous dynamic RAMs. *‘CAS-
before-RAS"’ refrésh provides an on-chip refresh capability.

The MSM41464 is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense
amplifiers.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and
output are TTL compatible.

FEATURES

® 65,536 X 4 RAM, 18 pin package ® Single +5V Supply, =10% tolerance
® Silicon-gate, Double Poly NMOS, single ® Allinputs TTL compatible, low capacitive load
transistor cell ® Three-state TTL compatible output
® Row access time: ® “Gated” CAS
100 ns max (MSM41464-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41464-12) ® Output impedance controllable through early
150 ns max (MSM41464-15) write and OE operations
® (Cycletime: ® OQutput unlatched at cycle end allows
200 ns min (MSM41464-10) extended page boundary and
220 ns min (MSM41464-12) two-dimensional chip select
260 ns min (MSM41464-15) ® Read-Modify-Write, RAS-only refresh,
® |ow power: capability
385 mW active (MSM41464-10) ® On-chip latches for Addresses and Data-in
360 mW active (MSM41464-12) ® On-chip substrate bias generator for high
330 mW active (MSM41464-15) performance_
28 mW max standby ® CAS-before-RAS refresh capability

® “Page Mode” capability

PIN CONFIGURATION (TOP VIEW)

oE [1] 18] vss
Pin Names Function
pa; [2] 17) oa. . pov—— Pin Names Function
DQ: 3] ERLS = o Adarese Sroms A Address inputs
WE [4] (800 cas Column Address Strobe ~ —__~ 161 %gs ET_S Row Address Strobe
s [5] [14] Ao DQ.- DQ. | Datain/Data Out 150 s CAS Column Address Strobe
As [6] ERY o€ Output Enable f'_m' Zmlalr\‘/:a:::ut
a8 [a Voo | Pewerswrion S ra
Vee [9] i9] A- ‘s Crovnd OV Vss Ground (OV)
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
s Generator Timing
) Generator
-
Write J—
Clock ps—————— WE
Column Column Generator
éﬁg':zs *_y Decoders
I— OE
Internal
Ao~A- l:‘ égﬂ:ﬁ:f 1 Co?:r!:)rleél':)ck Sense Amps E Selzgion t gg:";‘:'
- : :
Row ] o DQ~DQ«
Address
Buffers
Row Wt_)rd Data
L‘ e I I et
ers
Vee n
VSS — e
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VOuT -1to+7 v
Voltage on Vg supply relative to Vgg i Vce —1to+7 '
Operating temperature Topr 0to70 °C
Storage temperature Tstg —-55to0 +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as detailed in the operational sec-
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
Parameter Symbol Min. Typ. Max. Unit Teorr‘?gggtnugre
Vece 45 5.0 55 v
Supply Voltage
Vss 0 0 0 Vv 0°C to +70°C

Input High Voltage, all inputs VIH 2.4 6.5 \
Input Low Voltage, all inputs ViL -1.0 0.8 \'

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min. | Max. | Unit | Notes

OPERATING CURRENT* MSM41464-10 70
Average power supply current MSM41464-12 Icc1 65 mA
(RAS, CAS cycling; trc = min.) MSM41464-15 60
STANDBY CURRENT*
Power supply current Iccz 50 | mA
(RAS=CAS =V|n)
REFRESH CURRENT 1* MSM41464-10 60
Average power supply current MSM41464-12 lcca 55 mA
(RAS cycling, CAS =V)H; trc =min.) [MSM41464-15 50
PAGE MODE CURRENT* MSM41464-10 45
Average power supply current MSM41464-12 Icca 40 | mA
(RAS =V, CAS cycling; tpc =min.) [MSM41464-15 35
REFRESH CURRENT 2* MSM41464-10 65
Average power supply current MSM41464-12 lccs 60 mA
(CAS before RAS; tgc =min.) MSM41464-15 55
INPUT LEAKAGE CURRENT
Input leakage current, any input
(OV < V) < 5.5V, all other pins not L —10 110 kA
under test =0V)
OUTPUT LEAKAGE CURRENT | 10 10 A
(Data out is disabled, OV < VouT < 5.5V) LO - m
OUTPUT LEVELS
Output high voltage (IoH =—5 mA) VOH 2.4 \"
Output low voltage (Ig = 4.2 mA) VoL 0.4 v

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the
output open. .
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(Ta=25°C,f=1MHz)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ A7) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE, OE) CIN2 - 7 pF
Data I/0 capacitance (DQ1 ~ DQ4) Cp - 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,3

MSM41464- | MSM41464- | MSM41464-

Parameter Symbol | Unit 10 12 s Notes

Min. | Max. Min. Max. | Min. Max.

Refresh period tREF ms 4 4 4
Efglgﬁ?:n;ead orwrite | o ns | 200 220 260

Read-write cycle time trRwe ns | 270 300 355

Page mode cycle time tpc ns 100 120 145

Access time from RAS | tRac ns 100 120 150 | 4,6
Access time from CAS | tcac ns 50 60 75 | 5,6
dO;ta;;ut buffer turn-off {OFF ns 0 25 0 30 0 40
Transition time tT ns 3 50 3 50 3 50

RAS precharge time trp ns 90 90 100

RAS pulse width tRAS ns | 100 | 10us | 120 | 10us | 150 | 10us

RAS hold time tRSH ns 50 60 75

(Page mode aycloonly) | 'oP | ns | 40 50 60

CAS pulse width tcAS ns 50 | 10us| 60 | 10us| 75 | 10us

CAS hold time tcsH ns | 100 120 150

RAS to CAS delay time tRCD ns 25 50 | 25 60 25 75 7,8

CAS to RAS set-uptime | tcRs ns 20 25 30
Row address set-up

time tASR ns 0 0 0
Row address hold time tRAH ns 15 15 15

Column address set-up
time tasc ns 0 0 0

Column address hold
time tcAH ns 20 20 25

Read command set-up
time trRCs ns 0 0 0

Read command hold
time tRCH ns 0 0 0 10

Write command set-up
time twes | ns 0 ° 0 °
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41464- | MSM41464- | MSM41464-

Parameter Symbol | Unit 10 12 15 Notes

Min. | Max. | Min. | Max. | Min. | Max.

Write command pulse
width twp ns 25 30 35

:Iivn::tae command hold tWGH ns 05 30 35

Write command to

RAS lead time tRwL | ns 35 40 45

Write command to

CAS lead time tcwL | ns | 35 40 45

Data-in set-up time tps ns 0 0 0

Data-in hold time tDH ns 25 30 35

CAS to WE delay tcwp | ns 80 95 120 9

RAS to WE delay tRwp | ns | 130 155 195 9

Read command hold

time reference to RAS RRH ns 20 20 20 10
Access time from OE tOEA ns 25 30 40

OE data delay time toED ns 25 30 40

OE hold time tOEH | ns 0 0 0

fTrm'gg delay time togz | ns o| 25 o| 30 o| 40

RAS to CAS set-up time

(CAS before RAS) tFcs | ns | 20 25 80

RAS to CAS hold time

(CAS before RAS) tFCH ns 20 25 30

CAS active delay from

RAS precharge tRPC ns 20 20 20

CAS precharge time

(CAS before RAS) tCPR ns 20 25 30

Read/write cycle

(Refresh countertest) | RTC | ns | 380 430 510 "
RAS pulse width

(Refrosh counter test) | ITRAS | ns | 280 | 10us| 330 | 10us | 400 | 10us| 11
CAS precharge time

(Refresh counter test) tcpT ns 50 60 70 "

Read/write cycle time
(Page mode)y tPRWC| ns | 170 200 240
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC characteristics assume attT =5 ns

ViH (Min)) and V| (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V) .

Assumes that trcp < trep (Max.) If trep > treD (Max.), trac will increase by {tRcD
—trep (Max.)).

Assumes thattrcp 2 trcD (Max.).

Measured with a load circuit equivalent to 2TTL loads and 100 pF.

Operation within the tycp (Max.) limit insures that tRac (Max.) can be met. tycp (Max.)
is specified as a reference point only; if trgp is greater than the specified trgp (Max.)
limit, then access time is controlled exclusively by tcac.

Assumes that trgp (Min) =tgaH (Min.) + 2t +tagc (Min))

twcs, tcwp and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if tyycs > twcs (Min.), the cycle is an
early write cycle and the data in/data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp = tcwp (Min.) and trwp = trwp (Min.) the cycle
is read-write cycle and the data in/data out will contain data read from the selected cell;
if neither of the above sets of conditions is satisfied the condition of the data out (at
access time) is indeterminate.

Either trrH or tRcH must be satisfied for a read cycle.
CAS before RAS refresh counter test cycle only.

READ CYCLE

RAS VIH
Viu

CAs Vin
Vio

Viu

Addresses
Vit

we Vin
Viu

Vou
DATA
VoL

— Vg
OE
Vio

trec

S tras
- N A &c_—
tcsu trp___|

trRCD trSH — tCR S|
tcas

= R\ v

.

task g_gr tas _tm’1 1
:Row address Column addressW / ///////V M

j=-tRRH—
—{tRCH |=—

i/ T N

t

I Vo B — —°
e OPEN ————— Valid Data

toEz

s S

m “H”, “L” = Don’t Care

trcs
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WRITE CYCLE (EARLY WRITE)

trec
tRAS
Vig — .
RAS y ' \\. i N\
tcsH — tRp— o
tRSH
trcD tcas tCRS—
=ig ViH — '
CAS
Vit /| j \
tasr| |[tRAH tas tcan

A% — \
Addresses | TH Column
Vit 7 ewssaes e W0 Y/ 777X

WS N "‘”"*f W /// w

! tRwWL

tos — |- |._tDH
DATA \\;ﬁf: / //ﬁ Valid Data //// ////// /

U7 “H”, “L” = Don’t Care

OE WRITE CYCLE
RC -
tRas I
RAS 'IH \ #
Vi —
tRSH t
tesn (3
treD teas
CAS Vin — \
ViL — gy
¢ tRAH tas
ASH™ ‘ﬁ tcan
Vin— Row Column
AddmssevaL——%: address , addl;ess
towe o
tncsr_.| tRwL

tps twp

WE i
DATAV’“ 7//// /// // / // X V"*"Dz:‘ :% / //1

OED 'OEH

OF i ZLIIIIInzx, e WA,

“H”, “L” = Don't Care
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READ/WRITE AND READ MODIFY WRITE CYCLE

trwC
t
RAS
RAS XIH— 5\ ,[
L — g
[ tRSH
. tesn RP
treD — cas R
CAS Vin— \
Vi —
tRAH
tASq tcan
Vin— Row Column
AddrcssevaL_% address address M/ // / Wm
tncs tnwn_.l
T ]
Vin
’ L_‘tCAC toEz tpsi—i twr,
DH
pDATA ViHVon — ~
Vi Voo =" OPEN Valid Data Valid Data M / //
!~ traC torn
v toEA — —
oF ViH—
Vip —

“L” = Don’t Care

v v,

PAGE MODE READ CYCLE

F—tc,«: —j—l

tor-‘Fl—— H___J toFr

Column |\
address.

o ﬁ:’
C ,,

*Ji“fi

DATA 30"——— OPEN
oL —
trcs
v —
W IH
s v Lt

F v LI

‘om

U

tom

Z?x_—}/ ton-z

L” = Don’t Care

g,
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PAGE MODE WRITE CYCLE

tras

Ras Vin—
ViL— K. 1f A
fes thc " tRSH— trp
trcD eas— | tep tCASj tcr
Tas Vin = 3 \ }—s Yy
Vi — ¢ X 7
|_RAH [ jtcan tcan
tasgl | |tasc tasgl tasg
R "ol {Column)
Address V11 TSRS/ )gsm",z Somn
I

W—Etiz:f///ﬁ{ Jf/////isj J/ ; *LJ Jw///

el

I ~t " Tt
\:;;*j we] J—W tRwL
to ‘ tps|—| |—ton DS | |—tDH
DATA XIH Valid Data @:’md Dat:m:_LW/ / Valid Data W // /////A
L ~ ' v
t l0E
toep R2ER  top OFH toep |'tOE

oE I/ X X X

“H”, “L” = Don’t Care

PAGE MODE OE WRITE CYCLE

trAs

RAS X’H: \ .
' tpc tRSH 1“{?
l——trcD—H tcas tcas L ter
D tesy —mM |
CAS 1M = N N
i
t tc ter— |t
tAs_R_1 ._RA tasc Ly—A tasc, '__CAH
Aaaress 1T B S ), & VL LK
R S— RC! tRw i
twcH
—= \% Ll twp et wp |
WE Vg
toH tDH
tos|!
—J] DS T
DATA V1w Vo Z777777 1R Valid ata 47,%4 Valid Daa X///,

Vi Vou

I0OED 'OEH

| | l
OE V1 T Kk X

@ “H", “L” = Don’t Care
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PAGE MODE READ/WRITE CYCLE

— tras
RAS
tPRWC t RSH 1””;
tcas tcas | tCR
CaS /[ 7 7
teP— ltcay
tasc, | I™
Addres I, /w// )
‘ tncs—-l
. twcH
— tcwp—
o v }—twp. It wp —
VE T v
RWD tDH tDH
. tcac __1 T)_S tca tDsl__
DATA Xi:x 2*: 7/ Rvaid 0ald X vaia vata X0/, /X valid Dataf X Valid Data i
toEA toez toEa tokz
OE VIH = —\
ViL— k-_J
“H”, “L” = Don’t Care

RAS ONLY REFRESH CYCLE

RAS

Address

Vv,
DATA Vo

Note: CAS = VIH, WE and OE not dependent on the high or low level.

| trc

i tras

Vig =
ViL —

ZZ

trp

N

tRAH—o
ASR

' I

Row address

WU A

OH —

OPEN

“H”, “L” = Don’t Care
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CAS BEFORE RAS REFRESH CYCLE

Note: WE and OE not dependent on the high or low level.
trC
trRp
— V _ tras >
RAS v, / ) ¢ \
_ CPR__, . tFcs tFCH_ |_trec
Vie —
S = J_!ﬁ—* J{//// //////}fi
|&—toFF
VOH — N [ L
DouTt VoL — r 1 OPEN | —
Don’t Care
HIDDEN REFRESH CYCLE
trc trc
trAS trRp___| tRAS
- Vg =
w TN NI =
RS
- trCD —f— tRSH | trcn
— v P X
CAS 'H
vie— e [\
ASR| | tascl L [tcaH ’

waaes 1 T row s X 00T TT T T LTI

tmea | trRH l
Ve v ZLI7 o NI,
" - _Jtorx
DATA xgt' = OPEN —{: Valid Data

V//A “H”, “L” = Don’t Care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tTRAS

trrC

RAS VIH— N

ViL —I trcs

tcsH

tRSH le——trpP

tcas .

CAS

tasc

_ ;ﬂﬁ
wa B f]

o

le—Ltcan

Address :Vlﬁ—ﬂ/ / / 1/)5

Column address W

WAL,

ViL—=

tres I

| s

W(Re\alélf ZLILL LT
Vi

'EH }/ L

]»tmc

DATAvgf — T Vahd Data -
mmwmwmmmmm@ tJ%W T
~, I
v 727777777777 TTTTTTTTITE S 7/
owtain 7777777777777 T ZE T R o XTI
toED —| toEH
ﬁ@@mmmm/mww 7 7
L “H”, “L” = Don’t Care
FUNCTIONAL DESCRIPTION Write Enable:

Address Inputs:

16 bits of binary address input are required
to decode any one of the 65,536 words by 4 bit
storage cell locations.

8 row-address bits are set up on address
input pins Ao through A- and latched onto the
chip by the row address strobe (RAS). Then 8
column-address bits are set up on pins Ao
through A- and latched onto the chip by the
column address strobe (CAS).

All addresses must be stable on or before the
falling edges of RAS. CAS is internally inhibited
(gated) by the RAS to permit triggering of CAS as
soon as the Row Address Hold Time (tRaH) Spe-
cification has been satisfied and -the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column ad-
dresses to be input immediately after the row ad-
dress hold time (tRAH).
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The read mode or write mode is selected with
the WE input. The logic high of the WE input
selects the read mode and a logic low selects
the write mode. The data input is disabled when
the read mode is selected. Data-out will remain
in the high-impedance state allowing a write
cycle with WE grounded.

Data Input:

Data is written during a write or read-modify
write cycle. Depending on the mode of operation,
the falling edge of CAS or WE strobes data into
the on-chip data latches. In an early-write cycle,
'WE is brought low prior to CAS and the data is
strobed in by CAS with setup and hold times
referenced to this signal. In a delayed write or
read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WE with setup
and hold times referenced to this signal. In
delayed or read-modify-write, OE must be high
to bring the output buffers to high impedance
prior to impressing data on the 1/0 lines.
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Data Output:

The three-state output buffer provides direct
TTL compatibility with a fan-out of two standard
TTL loads. Data-out is the same polarity as data-
in. The output is in the high-impedance (floating)
state until CAS is brought low. In a read cycle the
output goes active after the access time interval
tcAc that begins with the negative transition of
CAS as long as tgac and toga are satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS or OE
are low. CAS or OE going high returns it to a high
impedance state. In an early-write cycle, the
output is always in the high impedance state. In
a delayed-write or read-modify-write cycle, the
output must be put in the high impedance state
prior to applying data to the DQ input. This is ac-
complished by bringing OE high prior to applying
data, thus satisfy togp-

Output Enable:

The OE controls the impedance of the output
buffers. When OE is high, the buffers will remain
in the high impedance state. Bringing OE low
during a normal cycle will activate the output buf-
fers putting them in the low impedance state. It is
necessary for both RAS and CAS to be brought
low for the output buffers to go into the low impe-
dance state. Once in the low impedance state,
they will remain in the low impedance state until
OE or CAS is brought high.

Page Mode:

Page-mode operation permits strobing the
row-address while maintaining RAS at a logic
low (0) throughout all successive memory opera-
tions in which the row-address doesn’t change.
Thus the power dissipated by the negative going
edge of RAS is saved. Further, access and cycle
times are decreased because the time normally
required to strobe a new row-address is elimi-
nated.

RAS Only Refresh:

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (Aoto A-) at least
every four milliseconds. RAS only refresh avoids
any output during refresh because the output
buffer is in the high impedance state unless CAS
is brought low. Strobing each of 256 (Ao to A7)
row-addresses with RAS will cause all bits in
each row to be refreshed. Further RAS-only re-
fresh results in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:
CAS before RAS refreshing offers an alter-
nate refresh method. If CAS is held on low for the

specified period (trcg) before RAS goes to low,
on chip refresh control clock generators and the
refresh address counter are enabled, and an in-
ternal refresh operation takes place. After the re-
fresh operation is performed, the refresh address
counter is automatically incremented in prepara-
tion for the next CAS before RAS refresh
operation.

Hidden Refresh:

Hidden refresh cycle may take place while
maintaining latest valid data at the output by ex-
tending CAS active time. Hidden refresh means
CAS before RAS refresh and the internal refresh
addresses from the counter are used to refresh
addresses, because CAS is always low when
RAS goes to low in this mode.

CAS Before RAS Refresh Counter Test Cycle:

___A special timing sequence using CAS before

RAS counter test cycle provides a convenient

method of verifying the functionality of CAS

before RAS refresh activated circuitry. As shown

in CAS before RAS Counter Test Cycle, if CAS

goes to high and goes to low again while RAS is

held low, the read and write operation are

enabled. This is shown in the CAS before RAS

counter test cycle. A memory cell address, con-

sisting of a row address (8 bits) and a column ad-

dress (8 bits), to be acceded can be defined as

follows:

* AROW ADDRESS

— Bits Ao through A~ are defined by the refresh

counter.

* A COLUMN ADDRESS

— All the bits Ao through A- are defined by

latching levels on Ao through A- at the
second falling edge of CAS.

Suggested CAS before RAS Counter Test
Procedure: .
The timing, as shown in CAS before RAS

Counter Test Cycle, is used for all the operations

described as follows:

(1) Initialize the internal refresh counter. For
this operaton, 8 cycles are required.

(2) Write a test pattern of lows into memory
cells at a single column address and 256
row addresses.

(3) By using read-modify-write cycle, read the
low written at the last operation (Step (2))
and write a new high in the same cycle. This
cycle is repeated 256 times, and highs are
written into the 256 memory cells.

(4) Read the high written at the last operation
(Step (3)).

(5) Complement the test pattern and repeat the
steps (2), (3) and (4).
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MSM41464 Bit Map (Physical-Decimal)

DQ1 DQ2 DQ4 DQ3 QPin18
252 |253 |254 |255 3 2 1 [} T 0 1 2 3 255 |254 |[253 |252
128 |128 128 | 128 128 |128 |128 | 128 || 128 |128 [128 |128 128 |128 |128 |128
252 (253 |254 |255 3 2 1 0 0 1 2 3 255 (254 |253 |252
128 |128 [128 |128 128 [128 |128 |128 ?‘ <128 |128 |128 |128 128 [128 [128 |128
252 (253 [254 |255 3 2 1 0 0 1 2 3 255 |254 |253 |252
129 [129 [129 |120 129 [129 [120 |129 [] 129 |129 [129 |129 129 [129 |129 [129
| 252 |253 |254 |255 3 2 1 0 0 1 2 3 255 |254 |253 |252
‘ 120 [129 [129 [129 120 |120 [120 | 120 [ ﬁ‘129 129 |129 [129 129 [129 [129 |129
: 252 (253 [254 |255 3 2 1 0 o. 1 2 3 255 |254 |253 |252
130 [130 [130 [130 130 [130 130 | 130 [] 130 |130 [130 |130 130 |130 |130 |[130
252 | 253 |254 | 255 3 2 1 0 %_‘ g 0 1 2 3 255 |254 |253 | 252
‘ 130 [130 [130 | 130 130 (130 | 130 | 130 9 130 [130 130 [130 130 |130 [130 | 130
&
252 |253 | 254 | 255 3 2 1 ol ljlll o 1 2 3 255 |254 |[253 |252
253 [253 | 253 | 253 253 |253 | 253 | 253 © 253 |253 |253 | 253 2563 | 253 | 253 | 253
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
253 |253 |253 | 253 253 |253 |253 | 253 |71 [S|258 |253 |253 | 253 253 |253 |253 | 253
252 | 253 |254 | 255 3 2 1 0 || 0 1 2 3 255 |254 |253 | 252
254 | 254 | 254 | 254 254 |[254 | 254 | 254 254 |254 |254 |254 254 [254 |254 | 254
252 | 253 [254 | 255 3 2 1 0 N 0 1 2 3 255 |254 |[253 |252
254 | 254 |254 | 254 254 |254 |254 | 254 254 |254 [254 |254 254 |254 |254 | 254
252 |253 |254 | 255 3 2 1 0 | o 1 2 3 255 (254 |253 |252
255 |255 | 255 | 255 255 |255 | 255 | 255 | 255 |255 |255 |255 255 |255 |255 [255
252 (253 [254 | 255 3 2 1 0 le) o 1 2 3 255 |254 |253 | 252
255 |255 | 255 | 255 255 |255 | 255 | 255 ﬁ‘_ 255 |255 |255 |255 255 | 255 |255 | 255
ROW DECODER \ I ROW DECODER
252 | 253 | 254 | 255 3 2 1 0 _}_ ¢l o 1 2 3 255 | 254 |253 | 252
127 (127 [127 [ 127 127 127 |127 {127 127 |127 |127 |127 127 {127 |127 [127
252 | 253 | 254 | 255 3 2 1 0 0 1 2 3 255 |254 253 | 252
127 {127 [127 | 127 127|127 [127 | 127 ] 127 |127 |127 |127 127 [127 {127 | 127
252 | 253 |254 | 255 3 2 1 0 0 1 2 3 255 [254 [253 | 252
126 [126 [126 | 126 126 |126 | 126 | 126 126 |126 |126 | 126 126 |126 |126 | 126
252 | 253 [254 | 255 3 2 1 3} | o 1 2 3 255 (254 |253 252
126 |126 | 126 | 126 126 [126 | 126 | 126 126 |126 |126 | 126 126 |126 |126 | 126
252 [253 |254 | 255 3 2 1 3} 0 1 2 3 255 |254 (253 | 252
125 |125 |125 | 125 125 [125 | 125 | 125 €125 |125 |125 |125 126 |125 |125 | 125
252 | 253 |254 | 255 3 2 1 o § | o 1 2 3 255 |254 |[253 | 252
125 |125 |125 | 125 125 [125 [125 | 125 qll [|125_J125 |125 | 125 126 [125 [125 | 125
2
r4
2
252 | 253 | 254 | 255 3 2 1 0 = 0 1 2 3 255 [254 |253 [ 252
2 2 2 2 2 2 2 ralS s 2 2 2 2 2 2 2
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 [254 (253 |252
2| 2| 2] 2 2| 2| 2| 21 21 2] 2] 2 2| 21 2} 2]
252 | 253 | 254 | 255 3 2 1 0 | o 1 2 3 255 |254 |[253 |52
1 1 1 1 1 1 1 Mz B 1 1 1 1 1 1 1
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
1 1 1 1 1 1 1 1] N 1 1 1 1 1 1 1 1
252 | 253 [ 254 { 255 3 2 1 0 0 1 2 3 255 |254 |253 |252
0 0 0 0 0 0 0 0 ?’ < o 0 0 0 0 0 0 0
252 | 253 | 254 | 255 3 2 1 0 | o 1 2 3 255 |254 |253 | 252
0 0 0 0 0 0 0 o | L 0 0 0 0 0 0 0 0
REFRESH ADDRESS REFRESH ADDRESS
(0—-255) (0—255)
O A . CELL A =ROW ADDRESS (DECIMAL)
Pin9 B B =COLUMN ADDRESS (DECIMAL)
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OKI semiconductor
MSM51C256

262, 144 WORD X 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM51C256 is a new generation dynamic RAM organized as 262,144 words by 1 bit. The
technology used to fabricate the MSM51C256 is OKl's CMOS silicon gate process technology. The
device operates at asingle + 5V power supply. Its I/O pins are TTL compatible.

FEATURES

® Silicon gate, double polysilicon CMOS,
1-transistor memory cell

® 262,144 words by 1 bit

® Standard 16 lead plastic DIP/18 lead PLCC

® Family organization

Power Dissipation
. Access Time Cycle Time -
Famil
y (MAX) (MIN) Omﬁ%‘g 5(‘,\3,%8”
MSM51C256-80 80ns 160 ns 330 mW
20 mW
MSM51C256-10 100 ns 190 ns 275mW

® Fast page mode, read/write capability

CAS before RAS refersh, Hidden refresh,
RAS only refresh capability

“Gated"” CAS

® Single + 5V supply, + 10% tolerance

TTL compatible, address input, L]
data input latch

® Output: TTL compatible, tristate, nonlatch @

® input:

® Refresh: 256 cycles/da ms ® Built-in Vgg generator circuit
® Common I/O capability using “Early Write”
operation
MSM51C256RS MSM51C256JS
16 Lead Plastic DIP PIN CONFIGURATION 18 Lead PLCC Package PIN CONFIGURATION
Top View Top View
Z o w2
— Ee 83
As [11 16 [ ] Vss D000
= 2 11817
Din []2 15[ ] CAS — O
WE []3 14 [ Dour WE 3 16 1 Dour
s [a 3] A rRas [a 15[ Ag
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Ao []5 12[7] A
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A []6 M) A
A, 7 1200 A
A L7 10 As 8 91011
Vee E 8 I 1A 00
P
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DYNAMIC RAM-MSM51C256RS/JS

FUNCTIONAL BLOCK DIAGRAM

S Timing
— > Generator Timi
J— iming
CAS A Generator
Write —
. Clock < WE
2glc;Jmn Column Generator
- ress —/'| Decoders
Buffers
i l L i
Internal Refresh >
Ao“‘[ Address control Sense 110 Output ~Dgyr
Ag Counter dock Amps |=>| Selection >| Buffer
; ¢ ¢ A A
-4 Row
Address Row *Word ™ M Data
Buffers De- Driv- cee”TOry Input [ D
coders| lers Register
-1 -1
vCC —
Vss —> L—’ On chip Vgg
ELECTRICAL CHARACTERISTICS
® Absolute Maximum Ratings
Rating Symbol Condition Value Unit
Voltage on any pin relative to Vgg VT Ta=25°C -1.0to +7.0 \Y
Short circuit output current los Ta=25°C 50 mA
Power dissipation Po Ta=25°C 1 w
Operating temperature Topr - 0to +70 °C
Storage temperature Tstg - -55to + 125 °C
® Recommended Operating Conditions
(Ta=0to +70°C)
Parameter Symbo! | Conditions Min Typ Max Unit
Supply Voltage Vee - 45 5.0 5.5 Vv
Vss - 0 0 0 \
Input high voltage Vin - 2.4 - Vec+ 1.0 Y
Input low voltage Vi - -1.0 - 0.8 \
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® DC Characteristics
(Vec=5V£10%, Ta=0to +70°C)

# DYNAMIC RAMS - MSM51C256 m

MSM51C256 MSM51C256
Parameter | Symbol Conditions -80 -10 Unit Note
Min | Max | Min | Max

Output high _
voltage VoH loy= - 5.0mA 24 - 2.4 - \
Output low
voltage Vo |loL=4.2mA - |loa] - | o4 v
Input VSS =viIs Vcc
leakage I all otherpinsnot | 10| 10 | =10 10 pA
current under test = 0V
Output Doyt disable
leakage Lo |VssSVOSVcc -10| 10 | -10| 10 pA
current
Average | RAS, CAS cycling,

ower su =mi
gurrent* PR lccr | tae=min - 60 - 50 mA
(Operating)

Power supply RAS=Viy | 7TL| - 35| - | 35| maA
curren |CCZ CAS=V|H

Standb
( v Dour=Hz |mos| - |25 | - | 25 mA
Average RAS = cycling,
power supply lccs |CAS=Vy _ _
current* (RAS tpe = min 60 50 mA
only refresh)
Average RAS = cycling,
powersupply | lIcce | CAS before
current* (CAS RAS - 60 - 50 mA
before RAS
refresh)
Average | RAS =Vy,
powersupply | | CAS = cycli
current* (Fast €7 EAS_ r:nync 'ng - 40 - 35 mA
page mode) PC=

*Note: Iccis dependent on output loading and cycle. Specified values are obtained with the
output open.

® Capacitance
(Ta=25°C, f=1 MHz)

Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A8, D) Cing - - 4 pF
Input capacitance (RAS, CAS, WE) Cin2 - - 5 pF
Output capacitance (Doyrt) Cout - - 6 pF
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® AC Characteristics

(Vec=5V+10%,Ta=0to +70°C) Note 1,2,3
MSM51C256 | MSM51C256
Parameter. Symbol -80 -10 Unit Note
Min | Max | Min | Max
Refresh period tRer - 4 - 4 ms
Random read or write cycle time tre 160 - 190 - ns
Read/write cycle time trRwC 185 - 220 - ns
Fast page mode cycle time tpc 55 - 55 - ns
Fast page mode read/write trwe | 80 - 90 - ns
cycle time
Access time from RAS trac - 80 - ] 100 ns 45
Access time from CAS teac - 20 - 25 ns 45
Access time from column tan - 40 - 50 ns 4.6
address
Access time from CAS precharge tera - 50 - 50 ns 4
Output low impedance time teLz 0 - 0 - ns 4
from CAS
Output buffer turn-off delay torr 0 20 0 30 ns
Transition time tr 3 50 3 50 ns 3
mprecharge time tre 70 - 80 - ns
'RAS pulse width tras 80 | 10k | 100 | 10K ns
'RAS hold time tRsH 20 - 25 - ns
CAS precharge time tep 10 - 10 - ns
(Fast page mode cycle only)
'CAS pulse width tcas | 20 [ 10k | 25 | 10K ns
‘CAS hold time tesy | 80 | - | 100 ]| - ns
'RAS to CAS delay time thep | 22 | 60 | 25 | 75 ns 5
'RAS to column address delay trRAD 17 | 40 | 20 | s0 ns 6
time ’
mtomprecharge time tcrp 10 - 10 - ns
Row address set-up time tasr 0 - 0 - ns
Row address hold time trRAH 12 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcan 15 - 20 - ns
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e AC Characteristics (Cont.)

MSM51C256 | MSMS51C256
Parameter Symbol -80 -10 Unit Note
Min | Max | Min | Max
Column address hold time from taR 60 - 75 - ns
RAS
Column address to RAS lead trAL 40 - 50 - ns
time
Read command set-up time tres 0 - 0 - ns
Read command hold time trRcH 0 - 0 - ns 8
Write command hold time from twcer 60 - 75 - ns
RAS
Write command set-up time twcs 0 - 0 - ns 7
Write command hold time twcH 15 - 20 - ns
Write command pulse width twp 15 - 20 - ns
Write command to RAS lead trRwiL 20 - 25 - ns
time
Write command to CAS lead tewl 20 - 25 - ns
time
Data-in set-up time tps 0 - 0 - ns
Data-in hold time toH 15 - 20 - ns
Data-in hold time from RAS toHR 60 - 75 - ns
CAS to WE delay tewp 20 - 25 - ns 7
RAS to WE delay trwp | 80 - 100 | - ns 7
Column address to VWdelay tawb 40 - 50 - ns 7
time
Read command hold time tRRH 10 - 10 - ns 8
reference to RAS
RAS to CAS set-up time (CAS tesr 10 - 10 - ns
before RAS)
RAS to CAS hold time (CAS teHR 30 - 30 - ns
before RAS)
CAS active delay from RAS trpC 10 - 10 - ns
precharge
CAS precharge time (Refresh tept 40 - 50 - ns
.counter test)
CAS precharge time tepn 10 - 15 - ns
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Notes: 1. Aninitial pause of 100 ps is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

2. The AC characteristics assume atty = 5 ns.

3. Viu(min.)and V| (max.) are reference levels for measuring of input signals. Also,
transition times are measured between V\yand V.

4. Measured with a load circuit equivalent to 2TTL + 100 pF.

Operation within the trcp (max.) limitinsures that trac (max.) can be met. trep
(max.) is specified as a reference point only; if trcp is greater than the specified trep
(max.) limit, then access time is controlled exclusively by tcac.

6. Operation within the tgap (max.) limit insures that tgac (max.) can be met. trap
(max.) is specified as a reference point only; if trap is greater than the specified
trap (Max.) limit, then access time is controlled exclusively by taa.

7. twcs, tcwp, trwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs = twces (min.), the
cycle is an early write cycie and the data out pin will remain open circuit (high
impedance) throughout the entire cycle; if tewp (min.), trwp = trwp (Min.) and
tawp = trwp (Min.) the cycle is read/write cycle and the data out will contain data
read from the selected cell; if neither of the above sets of conditions is satisfied the
condition of the data out (at access time) is indeterminate.

8. Either tgry Or trcH Must be satisfied for a read cycle.

READ CYCLE
tRC
‘RP
—_— tRAS
=— ViH-
RAS
/ N
tcsH
‘CFP_ tRCD tRSH tcrP
cas
Cas V-
ViLs j \
'RAD tRAL
tA R | tRAH tasC tcAH
AD~AS8 :IIH: W Row Column
tar .
RCH
(R,ﬁ 'RRH
— VIH-
WE V- tcac
tAA
t tOFF
tRAC ‘C—LZ‘I
VoH— 4
Dout V(;‘:— Open @ Valid data jb'—-
Don't care
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WRITE CYCLE (EARLY WRITE)

f‘ tRe
'RP
'RAS
R
ViH- > / ﬁ
RAS Vi L
L 'RcD 'RSH
‘crP tcRP
'csH
tcas
— Vi
cas M / \ f
Vil tan
Al
'RAD 'RAL
'ASR 'RAH tASC 'cAH
= Faad i
Vin- |
A0~A8 Row Column
Vil
twcr
twes tweH
]
twp
— Viu-
WE
ViL-
|
‘os 'oH

on - X e XZZTTTITTTTTTTT.

| 'DHR

Vou—
Dourt v Open

Don't care
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READ/WRITE CYCLE

RAS

A0~A8

DiN

Dout

ViL-

ViH-
ViL-

Vib-
Vil

ViH—
Vil

ViH-
Vil

VoL~

'RwC
i tRP.
RAS RP___ o
ViH- ’\ X
RSH
tcrpP tRCD tRwL tcrP
é fcas /
‘csH
tar towL
'RAD 'RAL
'ASR | |tRAH tasc cAH |
IR B ALY Bake |
- -
Row Column /
tawp
tRWD
tcwp twp
Rcs //// //
'os toH
]
// // // Valid data W /
tcac
tAA
toFF
'RAC [l
Open {% Valid Data y >'—"-
tcLz

m Don't care
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FAST PAGE MODE READ/WRITE CYCLE
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'RAS
p—— V’H_
RAS it - y tRP
tCSH 'RSH
tPRWC ]
'RCD TCAS icp tcas tcas cRP
— V-
CAs
e 8 )-IT\ 'RA /}
'ASRy | [Ran tasc fcaH tasc |ICAH tascI TTean L
g i Bl
Vig - r— F
ao~ag IH |
v - Row |CQI %hcu / Col
RWD
‘ﬁgg towp | 'CWL| towp | 'cwL towp _ tewL
WE z"": / AwD ] tawp g ﬂ [XT)
L ) Wl tcPA tcpa
twan [T MUY e TN BTV I {OFF
ICAC icac] |'WP e | tcac WP
Ve toFF [=CAGL |
bour VOH \c/)altid X Vaid Yy a Valid
ata a
VoL - tRAC kData__f —ala
oLz tcLz ‘oLz
M'os | | 'oH tps ‘oH
o H” / /
ViL =
valid valid Valid Data
Data Data [/4 Don't care

RAS ONLY REFRESH CYCLE

NOTE: WE =Don't care, A8 =Don't care

Don'tcare

R
trRP
RAS
—_ ———HK
ViL -
tcRp tRPC
&as VIH™
CAS
tasr 'RAH
Vi -
o WX o X 77777
VoH ~
Doyt OPEN
VoL -
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CAS BEFORE RAS REFRESH CYCLE

'R

tRAS

— Vi —
RAS /
ViL -

trP

RPC
tcPN | tcsr 'CHR
=W /
bour M % OPEN

|2 I — A

NOTE: WE =Don’t care, A0~A8 =Don't care

Don't care
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FAST PAGE MODE READ CYCLE
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% Don'tcare

'RAS 'RP
o —
RAS UM N /
ViL - A
csH tpc 'RSH
tcRp 'RCD tcas | tcp tcas tcp ‘cas tcRP
|
— Viy- r
o _/ 4 N/
Vie - \-\ / \ \
RAL
‘AR | i
|
tASR | | tRAH  tasc tcaH | tasc tcAH | tasc tcan
’4.1 - e H e e ]
Viy - .
AO~AB
!
tRAD 'RRH
tRCH 'RCH
tRCs RCS 'RCS 'RCH
Ll
Y
WE
Vie - ! [ t
cAC cAC CAC
o] ] (Bale
taA tAA tAA
'RAC tcpa tcpa
DouT VOH - N Valid -\ ), Valid Valid
VoL - Data _f Data Data
| | torF {OFF toFF
‘oLz " oz " oz f
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRAS tRP
pu——V Y
RAS H N
Vi -
trc 'RSH
tcrP 'RCD tcas | | 'cp tcas | fcp tcas tcRP
l
cas VIH™ \
CAS §\
vlL'] 3
‘AR | 'RAL
| l
tASR| | 'RAH tasc 'cAH  tasc ICAH  tAsC 'CAH
e = i R By ﬂ B
Vi -
ao~ag M Row Col Col Col
Vi - 3
tRAD
'wcr |
=l
twes 'WCH  'wes 'WCH  twes tweH
by ey PR BuA

] twp F- twp

T VIH'//]
WE o

'ps 'oH tos ;_‘D_H 'os 'DH
i O s il

XD o XII777.

I
'DHR

Vi -
OIN / // M Valid Data m Valid Data
ViL -
I

VoH
Dour OPEN

V/A Don't care
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HIDDEN REFRESH READ CYCLE
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RAS

CAS

AO~AB

Dout

'R
'RAS tRP 'RAS
Vi -— =.______,NS
viL -
'CRP 'RCD 'RSH 'CHR
_
w7 \ N
Vi -
'RAD 'RAL
tAsrR 'RAH tasc | tcAH
Vig -
VIH Row Column /7 /
L -
tAR
'RcS tRRH
-l
-z N /.
viL -
tcac
tAA
[
tRAC OFF
V, -
OH Valid Data
Vor -
ez

m Don't care
Vi
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HIDDEN REFRESH WRITE CYCLE
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FUNCTIONAL DESCRIPTION

Simple timing Requirements:

The MSM51C256 is a CMOS dynamic RAM optimized for high speed access time operations, low
power applications. Itis functionally similar to a traditional dynamic RAM. The MSM51C256
reads and writes data by multiplexing 18-bit address into 9-bit row and 9-bit column address.
Because access time is primarily dependent on a valid column address rather than the precise
time that CAS edge occurs, the delay time from RAS to CAS (trcp) has little effect on the access
time. And the MSM51C256 can commit better memory system through-put during operationsin
an interleared system.

Fast-Read-While-Write Cycle:

The MSM51C256 has the fast read while write cycle which is achieved by excellent control of the
three-state output buffer in adition to the simplified timings described in the previous section.
The output buffer is controlled by the state of WE when CAS goes low. When WE is low during
CAS transition to low, the MSM51C256 goes to early write mode where the output becomes
floating and common I/O bus can be used on the system level. Whereas, when WE goes low
after tewp following CAS transition to low, the MSM51C256 goes to delayed write mode where
the output contains the data from the cell selected and the data from Dy is written into the cell
selected. Therefore, very fast read write cycle becomes available.

Address Inputs:

A total of eighteen binary input address bits are required to decode any 1 of 262,144 storage cell
location within the MSM51C256. Nine row-address bits are established on the input pins (Ag
through Ag) and latched with the Row Address Strobe(_R/TS). Then nine column adress bits are
established on the input pins and latched with the Column Address Strobe (CAS). All input
addresses must be stable on or before the falling edge of RAS, CAS is internally inhibited (or
“gated"”) by RAS to permit triggering of CAS as soon as the Row Addres Hold Time (tgan)
specification has been satisfied and the address inputs have been changed form row-addresses
to column-addreses.

Write Enable:

The read or write mode is selected with the WE input. A logic “high” on WE dictates read mode,
logic “low” dictates write mode. Data input is disabled when read mode is selected.

Data Input:

Data is written into the MSM51C256 during a write or read-write cycle. The last falling edge of
'WE or CAS is a strobe for the Data in (Dyy) register. In awrite cycle, if WE is brought “low”
(write mode) before CAS, Dy is strobed by CAS, and the set-up and hold times are referenced to
‘CAS. In a read-write cycle,mwill be delayed until CAS has made its negative transition. Thus
Dy is storbed byVV—E, and set-up and hold times are referenced to WE.
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Data Output:

The output buffer is three-state TTL compatible with a fan-out of two standard TTL loads. Data
out s the same polarity as data in. The output isin a high impedance state until CAS is brought
“low"”. In aread cycle, or a read-write cycle, the output is valid after tgac from transition of RAS
when trep (max) is satisfied, or after tcac from transition of CAS when the transition occurs
after tpep (max.). Data remain valid until CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address while maintaining RAS at a logic low
(0) throughout all successive memory operations in which the row-address doesn’t change.
Thus the power dissipated by the negative going edge of RAS is saved. Further, access and cycle
times are decreased because the time normally required to strobe a new row-address is
eliminated.

RAS Only Refresh:

Refresh of the dynamic memory cells is accomplished by performing a memory cycle at each of
the 256 row-addresses (Agto A7) at least every 4 milliseconds. RAS only refresh avoids any
output during refresh because the output buffer is in the high impedance state unless CAS is
brought low. Strobing each of the 256 row-addresses (Agto Ay) with RAS will cause all bits in
each row to be refreshed. Further RAS only refresh results in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:

CAS before RAS refreshing available on the MSM51C256 offers an alternate refresh method. If
CAS is held on low for the specified period (tcsr) before RAS goes to low, on chip refresh control
clock generators and the refresh address counter are enabled, and an internal refresh
operation takes place. After the refresh operation is performed, the refresh address counter is
automatically incremented in preparation for the next CAS before RAS refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place while maintaining latest valid data at the output by
extending CAS active time from the previous memory read cycle. In MSM51C256 hidden refresh
means CAS before RAS refresh and the internal refresha ddresses from the counter are used to
refresh addresses, because CAS is always low when RAS goes to low in this mode.
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OKI semiconductor

MSM511000A

1,048,576-WORD X< 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM511000A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The tech-

nology used to fabricate the MSM511000A is OKI's CMOS silicon gate process technology. The device
operates at a single +5V power supply. Its I/O pins are TTL compatible.

FEATURES

Silicon gate, tripple polysilicon CMOS,
1-transistor memory cell

Family organization

® 1,048,576 words by 1 bit

. Access Time Cycle Time Power Dissipation
Family -
(MAX) (MIN) Operating (MAX) | Standby (MAX)
MSM511000A-70 70ns 140ns 468mwW
MSM511000A-8A/80 80ns 160ns 413mW 5.5mW
MSM511000A-1A/10 100ns 190ns 358mwW

Single +5V supply, + 10% tolerance
Input: TTL compatible, address input, data

input latch

Output: TTL compatible. tristate. nonlatch

Refresh: 512 cycles/8 ms

® Fastpage mode, read/write capability
® CAS before RAS refresh, Hidden refresh,

RAS only refresh capability

® “Gated” CAS
® Built-in Vgg generator circuit

® Common I/0 capability using “Early Write"
operation
PIN CONFIGURATION (TOP VIEW)
own [ 2vss e
— 2]cas
ow (1] gvss  WE (2] Oout ogyr ] v
WE A3(3 CAs ss
WE Bl < 17 Oour :;Sg z 23 e O (5] z W Pin Names Function
s 2 elcxs < (£ L 2 E NC. AOto A9 Address Input
ve (@ 5 [Fae  nel] & e o5 3
a0r (5] = [1a as g o = _‘__;JOA‘;E.AO AAS Row Address Strobe
Al E § E A7* A0* E b4 E A8* A2° § . CAS Column Address Strobe
a2 (7] 3 [F4aer Al fi9 & 17 A7° vee[is] X 14 a3 oIn Data Input
A3 (8] ] 7] As* AZ.E 6] a6° cc o [1g) A4*
. . ., A 7§ A6* Doyt Data Output
vee ] 10) Ase A3 (12 ELC- S oo :
aemon & 7@ s 29 WE Write Enable
26 PIN SOJ 20PINZIP Vee Power Supply (+§V)
vss Ground (OV)
* Refresh Address N.C. No Connection
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
SAS Generator ‘I_i‘[}___ Timing
! r Generator
,___i_y :
Write J—
Column
Col Clock WE
Qﬂ‘,’,’;ﬁs v Dgcuo'gzrs Generator|
Internal Refresh e |
Avhe [T | | Address 1) convoiClook | | senseamps [ olo0;o, [ 10U — Dour
' | |
Row
Add
Bu";er:s gg." \g(."d Memory
cod- er';"' Cells
ers input
- - Butter
Vcc .
vVgs —— ‘
e OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to VSs vT Ta=25C —1.0 to+7.0 v
Short circuit output current los Ta=25C 50 mA
Power dissipation PD Ta=25C 1 w
Operating temperature Topr - 0 to+70 °C
Storage temperature Tstg - —55 to+150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta =0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
vce - 45 5.0 55 v
Supply Voltage
vss - 0 0 (o] v
Input high voltage VIH - 24 - 6.5 \
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vcc =5V £10%, Ta =0to +70°C)

MSMS511000 | MSM511000 | MSM511000 | MSMS511000 | MSM511000

A-8A A-1A A-70 A-80 A-10

Parameter Symbol Conditions Unit | Noto

MIN | MAX| MIN | MAX | MIN | MAX| MIN | MAX | MIN | MAX

Output high voltage | VoH | loH=—5.0mA 24 Vcc| 24 |Vcc| 24 [Vec| 24 [Veg| 24 (Vee| Vv

Output low voltage VoL | loL=4.2mA 0 |04| 0 |04 0 |04 0 |04]| 0 |04V

OV=VI=6.5V;
Iy | all oter pins not |—10| 10 |—10{ 10 |—10| 10 [—10| 10 |—10| 10 | xA
under test=0V

Input leakage
current

Output leakage Doyrdisable _ _ _ _ _
current o | oVeVozs sy 10| 10 |—10| 10 |—10| 10 |—10| 10 [—10| 10 | wA
Average power RAS. CAS cyclin

supply current® IcC! | Trgermin Yeina: -\ _ 175| — |es| — |8s| — | 75| — | 65 |mA
(Operating)

Power supply RAS=vV|y |TTL| -2 |- |2 | -2 |=-]2)|—-]2
current* (Standby) lcc2 gglsj:r__\—h:z vosl — 11l -l -1 =17 1-1, mA
Average power RAS cycling,

supply current* Icc3 | CAS=V|H4 —|75| —|65| — |8 | — |75| — |65 |mA
(RASonly represh) tRc =min

Average power RAS cycling,

supply current* (CAS | Icc6 | /4= — | — | 75| — |65| — |8 | — |75| — [656 |mA
before RAS refresh) CAS before RAS

Average power RAS=V|_,

supply current* Icc7 | CAS cycling — | 66| — 85| —|70| — | 60| — | 55 |mA
(Fast page mode) tpc=min

*Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the
output open.

CAPACITANCE
(Ta = 25°C.f =1 MHz)

Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A9, D|N) CiN1 — — 6 pF
Input capacitance
(RAS, CAS. WE) Cin2 - - 7 pF
Output capacitance (DoyT) Cout - - 7 pF
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AC CHARACTERISTICS
(Vce =5V +10%, Ta =0to +70°C) Note 1,2,3
MSM511000 | MSM511000 | MSM511000 | MSMS511000 | MSM511000
Parameter Symbol A-8A A-1A A-70 A-80 A0 | ynit | Note
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Refresh period tRep | — | 8 -1 8 -1 8 -1 8 — | 8 |ms
Random read or write cycle time |tgrc |160| — |190| — |140| — |160( — [180| — | ns
Read/write cycle time tRwc|185| — (220 — |165| — |185| — (220 — | ns
Fast page mode cycle time tpc |55 — (86| — |46 — |B0| — (85| — |[ns
z:anset page mode read/write cycle torwc| 80| — |8s| — |70| — |75| - |8s| - |ns
Access time from RAS tRaAc| — | 80 | —[100 | — | 70 | — {80 | — 100 | ns |45
Access time from CAS tcac| — | 25| - |3 | -| 20|~ |2 | —| 25 | ns |45
Access time fro columu address | taAA - |40 |- |85 | —| 3 | — |4 | — | 50 [ ns |46
Access time from CAS precharge |tcpa | — | 50 | — | 50 | — | 40 | — | 45 | — | 50 |ns | 4
g%)ut low impedance time from oz o] —lo| -lo|l-]o|~-]o] - |ns|a
Output buffer turn-off delay toFF | 0 | 20 | O | 20 | O | 20 [ O [ 20 | O | 20 | ns
Transition time tr 3|50 |3 |50 |3 |50 |3 |5 |3 |85 |ns|3
RAS prechrge time tRp |70| — |80| — |60| — |70| — [80| — |ns
RAS pulse width tRAS 10000 | 100 | 10000 | 70 | 10000 10000 | 100 | 10000 | ns
Z‘:':i ‘;‘:;‘: g oycle oniy) tRasP | 80 [100000{ 100 [100000| 70 |100000| 80 (100000 100 |100000| ns
RAS hold time tRsSH (26| — (30| — (20| — |20 — [256| — |ns
g:t ?ae::an:%?i;lr::cle only) Icp |10 = 110} = 10 = 110 — J10) — |ns
CAS pulse width tcAS | 25 {10000 | 30 | 10000 | 20 | 10000 | 20 | 10000 | 25 {10000 | ns
CAS hold time tcsH [ 80| — |100| — |70| — |80 | — [100| — |ns
RAS to CAS delay time tRcp |25 | 55 | 25| 70 |22 | 50 |22 | 60 |25| 75 |ns| 5
RAS to column address delay time tRAD (20| 40 {20 | 50 (17 | 35 |17 | 40 |20 | 50 (ns | 6
CAS to RAS precharge time tcrp {10 — |10 = [10] — |10]| — |10] — |ns
Row address set-time tAsr | 0| — |0 | - |]O| —]0]| —|O]| — |nms
Row address hold time tRAH |15 | — |5 — |12 — |12] — |16 — |ns
Column address set-up time tasc| 0| - |0} —|O} —]O| —-—|0| — |ns
Column address hold time tCAH| 1| — |20 — [¥B5 | — |15| — |20]| — | ns
Column address hold time from RAS |tap |60 | — |75| — (86| — |60 — | 75| — |ns
Column address to RAS lead time [tra, 40| — |50 | — (35| — |40| — | 50| — |ns
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AC CHARACTERISTICS (CONT))

MSM511000 | MSM511000 | MSM511000 | MSM511000 | MSM511000
Parameter Symbol A-8A A1A A-70 A-80 A0 | ynit | Note
MIN [MAX| MIN |MAX| MIN [MAX| MIN |MAX| MIN [MAX
Read command set-up time tRces | O |- O0O | —-]O0|—-|0O0| =0} —|ns
Read command hold time trRcH| O | -} O | -] 0| -0} —-—|0|—-|ns| 8
Write connand hold time from RAS |twcr | 60 | — | 75| — [ 85| — |60 | — |75 | — | ns
Write command set-up time twes| O | -] O0O | —-1]0}|—-]O0|—=10]|—-1|ns| 7
Write command hold time tweH| 15| — |20 — |15 — |16 | —[20| — | ns
Write command pulse width twp 5| —-—|20 - |15 | — |16 ] —|20| — |ns
Write command to RAS lead time |tpwL |20 | — |25 | — |20 | — |20 | — | 25| — | ns
Write command to CAS lead time tcwL |20 — |25 — 20| — |20 | — {25 | — | ns
Data-in set-up time tps 0 — 0 — 0 — 0 - 0 - | ns
Data-in hold time tDH 5 -2 | — |15 |- 11| — |20 — | ns
Data-ds hold time from RAS tpHR |60 | — | 75| — |55 | — |60 | — |75 | — | ns
CAS to WE delay tcwp |25 | — |30 | — |20 | — |20 | — |25 | — | ns | 7
RAS to WE delay tRwp |80 | — |00 — [70 | — |80 | — |100| — | ns | 7
Column address to WE delay time |[tawp | 40 | — | 50 | — | 35 | — | 40 | - 50 | — | ns | 7
Q?Zfe:gé"ga%w'd time tRRH |10 | — |10 | — |10 |~ 10|~ |10]| - |ns |8
(ZATSStge?;:S ﬁs%‘)‘p time tcsR |10 | — |10 |10~ ]10]~-|10]-]ns
:2:% 'gez::’ ;%'g) time tchr |30 | — |30 | — |30 | - |30 | - |30 | - |ns
zﬁ:r;:"e delay fron RAS tRpc |10 | — |10 | — |10 |- ]10]|~-|10]~|ns
(Refioen coumter toe) tPT 40 | — | 50| — 40| — 40|~ |50~ |ns
CAS precharge time tceN |10 — |15 - |10 ~-|10| |15~ |ns

Notes: 1 An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

2 The AC characteristics assume attT =5 ns.

3 V|4 (min) and V)i (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between Vj and V).

4 Measured with a load circuit equivalentto 2TTL + 100 pF.

§ Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trcp (max.)
is specified as a reference point only; it trgp is greater than the specified tcp (max.)
limit, then access time is controlled exclusively by tcac.
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6 Operation within the tgap (max.) limit insures that tgac (max.) can be met. trap (max.)
is specified as a reference point only; if tRaD is greater than the specified tRap (max.)
limit, then access time is controlled exclusively by taa.

7 twcs. tcwb. tRwD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if tyycs = twcs (min)), the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp 2 tcwp (min.), trwp 2 trwD (min.) and tawp 2
tawD (min), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate.

8 Either tgrH or trcH Mmust be satisfied for a read cycle.

READ CYCLE
'RC
'RP
=T N T
'csH
'cRP tRCD 'RSH {cRP'
w ) \w—
'RAD 'RAL
'ASR tRAH 'asC 'CAH
S/ S o WU I
AR |l 'RCH
'RCS 'RRH
w i
tAA
tcLz (OFF
'RAC
Dout :Zr: OPEN ' Valid Data :E——
Don‘tcare
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WRITE CYCLE (EARLY WRITE)
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READ/WRITE CYCLE
‘Rwe
'RAS
TN -
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‘cRP tRCD tRWL 'crp
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: 'cs
'RAD 5 'RAL ~i e
‘AS'E_ RAH SC C
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w7 1/////////////////
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FAST PAGE MODE READ CYCLE

'RASP 'RP
FAS VIH- \
ViL -
'CSH 'pC 'RSH
'crP 'RCD ‘cas | ‘cp cas tcp cas \cRP
s w_f N \
CAS
ViL - A \
. 'RAL
! I
IASR 'RAH 'Asbc.T 'cAH | 'asc 'CAH | 'asC tcaH
Vi -
A0~ A9 V:':_ Row Col Col Col M //////l
! | f
'RAD 'RRH
'RCH 'RCH
RCS RCS 'RCS tRCH
— Viy -7 7
WE Vi / ‘
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j—ay pe—ann{ pe—
'AA 'AA tAA
! |
'RAC 'CPA 'cPA
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VoL - Data _J Data Data
I
|| torr | [tore toFF
‘cLz Y Y
|

Don't care
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

D

ViH
Vi -

&as VH-™

A0 ~A9

Y]

Dout

ViL -

Vin-~
viL -

Vi -
ViL -

ViH -
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VoH
Vou

RASP 'RP
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tpc 'RSH
el 1 tRCD cas ‘cp ‘cas cp 'cAS 'crRP
AR | A 'RAL
]
'ASR| | 'RAH tasC 'CAH  tasc 'CAH  'Asc ICAH
! -——I -y pr—am] S
m Row Col m Col Col // // /A
[ 'maD ' '
'wcr |
|
twes ‘wcH  'wes 'wCcH 'wcs 'WCH
'wp 'wp 'wp
TN, /
'bs 'DH 'ps 'oH 'os 'OH
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FAST PAGE MODE READ/WRITE CYCLE

'RASP
was VIH -
RAS Vi - i s f— ‘R
'csH 'RSH
\ tPRWC |
RCD cas cp 'cAs ‘cas 'CRP
s VIH - |
CAS ViL - ‘AR - /7
1 RAL
ASR| | |'RaH 'ASC 'CAH tasc |'CAH
> tasc | 'cAH
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VIH -
AO -- A9 ]
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RWD
'RCS) tcwp_|'CwL tcwp_,'cwL tcwp _ lcwL
WE :"“: j 'awD TAWD T Tawo
18 . we cPA 'cPA
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1’08 DH bs 'DH tps 'DH
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L
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RAS ONLY REFRESH CYCLE
'Rc
'RP
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'ASR 'RAH
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oo i S Y
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Dout

@ Don'tcare

NOTE: WE =Don't care, AS = Don't care
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CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
tRP
tRAS
AAS zm - / \ K
o tRPC
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ViL -
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HIDDEN REFRESH READ CYCLE
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HIDDEN REFRESH WRITE CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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OKI semiconductor

MSM511001A

1,048,576-WORD X 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM511001A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The
technology used to fabricate the MSM511001A is OKI's CMOS silicon gate process technology. The
device operates at a single +5V power supply. Its I/O pins are TTL compatible.

FEATURES

® Silicon gate, tripple polysilicon CMOS,
1-transistor memory cell
® Family organization

® 1,048,576 words by 1 bit

Famil Access Time Cycle Time Power Dissipation
Y (MAX) (MIN) Operating (MAX) | Standby (MAX)

MSM511001A-70 70ns 140ns 468mwW
MSM511001A-8A/80 80ns 160ns 413mwW 5.5mw
MSM511001A-1A/10 100ns 190ns 358mwW

® Single +5V supply, +10% tolerance ® Nibble mode, read/write capability

® Input: TTL compatible, address input, data e CAS before RAS refresh, Hidden refresh,

input latch RAS only refresh capability
® Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms (]

Common 1/0 capability using “Early Write”
operation

Built-in Vgg generator circuit

PIN CONFIGURATION (TOP VIEW)

o [} Vss
a9 1] [2)cas
o [1] hgvss  WE [2] 2900uT pgy ;3] v
WE RAS| 4 CAS Ss
WE g z EDOUT e g z 24 N o 5] z B Pin Names Function
RAS |3 16] CAS g -
2 €] 2 RAS 2 fgne AOto A9 Address Input
Nne[B] & [Ras N[5 G RFae o F ] L —
A0* @ = E A8* § ’ = NO LEAD RAS Row Address Strobe
AO* . ——
Al E § E AT* AQ* ; 18] A8* A2+ [3] § 12 A1 CAS Column Address Strobe
" . h4] A3*
[T 2 @ae A & DA ﬁ =1 DN Data Input
A3+ [8] 17 As* A2 6] A6 . :
AS ErG Dout Data Output
Vee E @ A4* A3* 5] As* AT —
A8* WE Write Enable
18PN DIP Veelt3 i) A
A
26 PIN SOU 20 PIN ZIP cc Power Supply (+5V)
Vss Ground (OV)
* Refresh Address NC. No Connection
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
6\%_1 C;enerator _}__ Timing
J ) Generator
——_—_—LA 1
Write J—
o, - W
Buffers Y Decoders Generator
Internal Refresh l I
Ao~A Add! - =1 10 [To
s [ Counter Control Clock SenseAmps 1 Selector [+ Butfer. Dout
1
e —
Buffreerzs gg?v Word Memory
cod- | | Driv- Cells
ers ers tnput e DIN
= Buffer
Vee .
Vgs — }
—t OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg VT Ta = 25°C -1.0to +7.0 \"
Short circuit output current los Ta = 25°C 50 mA
Power dissipation Pp Ta =25°C 1 w
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - —55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta =0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vee - 45 5.0 5.5 v
Supply Voltage
Vss - 0 0 0 \
Input high voltage VIH - 2.4 - 6.5 \
Input low voltage ViL - -1.0 - 08 v
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DC CHARACTERISTICS
(Vgg =5V +10%, Ta =0 to +70°C)

MSM MSM MSM MSM MSM
Parameter Symbol Conditions 511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10 Unit | Noto
MIN | MAX | MIN | MAX | MIN | MAX| MIN | MAX | MIN | MAX
Output high voltage | VoH | lopH=—5.0mA 2.4 |Vcc| 24 \Voc| 24 |Veg| 24 |Vee| 24 |Vee| |V
Output low voltage VoL | loL=4.2mA O[04/ 0 |04| 0 (04| 0 (040 |04]|V
Inout leakage OV=VI=6.5V;
pu 9 Iy | all oter pins not |—10| 10 |—10] 10 |—10| 10 |—10| 10 |—10| 10 | xA
current
under test=0V
Output leakage Douyr disable _ _ _ _ —
current ILo OV=VO<55V 10| 10 10( 10 10| 10 10| 10 10| 10 | xA
Average power RAS, CAS cyciing,
supply current* Icct trg=min — | 75| — {65 — |85 | — |75 | — | 65 |mA
(Operating)
Power suppl RAS=Vjy |TTL| - |2 |—-]2|—-|2|-|2|-12
curr:ntiu(g?ayndb ) lcc2 | CAS=Vi4 L
i Dout=Hz [MOS| = | 1 | = |1 | =1 |=|1|=1]1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H —|75| - |65| — |8 |~ [75| — |65 |mA
(RAS only represh) trc=min
Average power Y ,
supply current* (CAS | Icc6 %ggifg:’egm — 75| —|es| — |8s5| — |75| — | 65 |mA
before RAS refresh)
Average power RAS=V|_,
supply current* Icc8 | CAS cycling — | 85| —|80| — |70 — | 60| — | 55 | mA
(Nibble mode) tNC=min
*Note: Icc is dependent on output loading and cycle rates. Specified values are
obtained with the output open.
CAPACITANCE
(Ta =25°C,f =1 MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A9, DyN) CIN1 - - 6 pF
Input capacitance c
(RAS, CAS, WE) IN2 - - 7 pF
Output capacitance (DoyT) CouTt - - 7 pF
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AC CHARACTERISTICS
(Vocg =5V £10%, Ta =0to +70°C) Note 1,2,3
MSM MSM MsSM MSM MSM
Parameter Symbol 511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX |MIN | MAX | MIN | MAX
Refresh period tREP | — 8 - 8 - 8 - 8 -1 8 m
Random read or write cycle time |tgc |160| — |180| — |[140| — (160} — [190| — | ns
Read/write cycle time tRwc|185| — |220| — (1656 — (185 — (220 — | ns
Nibble mode cycle time tNc (55| — |60 — |50 — |80| — |55 — |ns
Nibble mode read/write cycle time|t\gMw| 801 — [ 90| — (75| — |75| — | 85| — |ns
Access time from RAS tRac| — | 80 [ — (100 —| 70 [ — | 80 | — | 100 | ns |456
Access time from CAS tcac| — | 25| -] 3 | -] 20| —-|2 | - |25 |ns |45
Access time fro column address | taA — |40 | — | 50 | - |3 | — |40 | —| 5 |ns (4,6
Nibble mode access time tNeAC| — [ 26| — |30 | —] 20| — | 20| — | 25 |ns | 4
%\tgput low impedance time from toz|o| — ol —|o| -|o| -lo|-|ns|a
Output buffer turn-off delay toFF | 0 | 20 | O | 20 | O | 20 | O | 20 | O | 20 | ns
Transition time ag 3|5 [3)]5 3|5 |35 |3)|50 |n|3
RAS prechrge time tRp |70| — |80 | — |60| — (70| — (80| — |ns
RAS pulse width tRAS | 80 {10000| 100 {10000{ 70 {10000| 80 {10000| 100 [10000| ns
RAS hold time tRSH |25 | — |30 — |20| — |20| — 25| — |ns
CAS pulse width tcAs | 20 {10000| 30 (10000( 20 {10000{ 20 [10000( 25 {10000| ns
CAS hold time tcgH | 80| — [100] — |70| — |80 | — [100| — |ns
RAS to CAS delay time tRCD | 25| 55 | 25| 70 |22 | 50 |22 | 60 (25| 75 |ns | 5
RAS to column address delay time|trap | 20 | 40 |20 | 50 |17 | 35 |17 | 40 |20 | 50 [ ns | 6
CAS to RAS precharge time tcRp |10 | — |10] — (10| — |10] — |10] — |ns
Row address set-time tAsrR | O - 0 - 0 - 0 - 0O — |ns
Row address hold time tRAH| 1| — |15 — |12} — (12| — [15]| — |[ns
Column address set-up time tasc | O - 0 - 0 - 0 - 0| — |ns
Column address hold time tcAH|{1®| — |20 — |16 — |16 — |20| — |ns
Column address hold time from RAS |{tar |60 | — | 75| — [55| — |60| — |{75| — |ns
Column address to RAS lead time [traL |40 | — |50 | — [36| — |40| — |50| — |ns
Read command set-up time trRcs | O - 0 - 0 - 0 - 0| — |ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10

Parameter Symbol Unit | Note
MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| MIN |MAX

Read command hold time tRcH | O | —-|O0O|—-]O0O|—-—}10}| —({0|—|ns| 8
Write connand hold time from RAS [twcr |60 | — |75 | — |85 | — (60| — |75 | — | ns
Write command set-up time twes| 0| -0 | —-|O0O}| =10} -0 —|ns|7
Write command hold time twcH| 15| — |20 — |16 | — |15 | — |20 ) — | ns
Write command pulse width twp 5 —120| — |15 — |15 —]20| — | ns
Write command to RAS lead time |trwr |20 | — |26 | — |20 | — |20 | — |26 | — | ns
Write command to CAS lead time |tcwp | 20| — |26 | — |20 | — [ 20| — |25 | — | ns
Data-in set-up time tps o|-|]o0o|—-—]O0| -0} —-10/|—|ns
Data-in hold time tDH 5| -2 | - |15 - 15| — 20| — | ns
Data-ds hold time from RAS tboHR {60 | — | 75| — |86 | — |60 | — |75 | — | ns | 7
CAS to WE delay tcwp| 25| — |3 | - |20 — |20 —|25| — | ns | 7
RAS to WE delay tRwp | 80 | — (100 — {70 | — |80 | — |100| — | ns | 7
Column address to WE delay time [tawp |40 | — |50 | — |3 | — |40 | — |50 | — | ns | 7
Read command hold time
reference to RAS tRRH | O | - |10 | — {10} - |10 —]10| —|ns| 8
RAS to CAS set-up time _ _ _ _
(EA—S before ﬁKS—) tCSR 10 10 10 10 10 ns
RAS to CAS hold time
(_C AS before RAS AS) tcHR | 30| — (30| - {3 | - {3 | — |30 )| — | ns
CAS active delay fron RAS
preharge trpc | 10 10 0|-]10|—-]10]~-|ns
CAS precharge time _ _ B _
(Refresh counter test) tcpT | 40 50 40 - |40 50 ns
CAS precharge time tceN (O — | B | — (10| —-]10}|—-116]|—|ns
Nibble mode pulse width tNCAS| 26| — |30 | — |20| — |20 | — | 25| — | ns
Nibble mode CAS precharge time |[tycp [ 20 — |20 — |20 — |20 | — | 20| — | ns
Nibble mode RAS hold time tNRSH| 25 | — |26 — |20 | — |20 | — | 256 | — | ns
Nibble mode CAS to WE delay tNowp | 25| — |30 | — |20 — |20| — | 25| — | ns
Nibble mode write command
to RAS lead time tNRWL | 20| — |26 — |20 | — |20 | — | 256 | — | ns
Nibble mode write command
to CAS lead time NewL | 20 | = 125 | = |20 = 120} = 25} — |ns
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC characteristics assume at tT =5 ns.

V|H (min.) and V| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V).

Measured with a load circuit equivalent to 2TTL + 100 pF.

Operation within the trcp (max.) limit insures that tgac (max.) can be met. tggp (max.)
is specified as a reference point only; if trcp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tc ac.

Operation within the tgap (max.) limit insures that trac (max.) can be met. trap (max.)
is specified as a reference point only; if tRaAD is greater than the specified trap (max.)
limit, then access time is controlled exclusively by taa.

twcs. tcwb. tRwD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if twcs 2 twcs (min.) the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp = tcwp (min.), trwp 2 trRwp (min.) and tawp =
tawp (min.), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate.

Either tRrH or tRcH must be satisfied for a read cycle.
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READ CYCLE
tRC
RP
t
— VIH— 3 RAS
RAS \ / L
ViL-
csH
tcrP trRcD 'RSH 'CRP
. tcas
CAs ViH~ / \
ViL-
'RAD tRAL
tASR tRAH 1tasc 'cAH
V —
An--Aa H Row @ Column W //// /// /
V|L—- “
'AR
t 'RCH
RCS 'RRH
w T
WE t
Vi- CAC
taa
t
oLz OFF
'RAC
Doyt VOH™ i,
V) v Open ! Valid data
oL~

Don't care
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WRITE CYCLE (EARLY WRITE)

o N AN
- ‘l?_"F’_ 'csH = A

o T | /

AAAAA /) IR ) S Y

w o T Y,

ow o 7T TR e 77T

VoH~
VoL~

Dout

Don't care
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READ/WRITE CYCLE
N 'CF?.J tRCD » tRwL CRP
w_/ /

e o TR ron XKoo I L
w s i
SIS, S

RAC -tgqu
dour OH” Open { Valid Data >—

tcLz

Don't care

170




«+ MSM511001A =

NIBBLE MODE READ CYCLE
‘RAS tRp
v tAR
ARS /
'csH '
t NRSH
CF~ tRCD cAS NG
s VHT RAD
CAS ol
ViL- - 'RAH | 'GP tona
ASR ASC CAH NCA
v — =l | e =
SR, . CB e,
' lcag, _|topF| INcac || torr
tcLz
tRAC —l
Dout VoH Vahd Valid Vaha Vaiid
VoL- \ p Data \ Data Data Data
AR 'RRH
Lot
||

m’f"’ tRCH 'Rcs ﬂil—i
w W N 7 %ﬂ
{74 ortcare

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

tRAS 'RP

T T T T T

twes , | 'weH twes 'WCH INRWL
W W7/ Y
WE Vit .
wP

O ViH- Vaid Valid mVandMVand x: :i i : f f :

ViL- Data ;—_Dala;J Data Data

'ps IDH| 'ps ! I‘DH
Vom- 'DHR
Dout Open
VoL~

m Don't care
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NIBBLE MODE READ/WRITE CYCLE

RAS

Ao~Ag

'RAS

RP
V- =3 tAR H—
Y tcrp -
ViH-
e tASR tasc {cAH :ﬁET‘NCAS
), 7 B YUY,
tRAD | tcwp towe tNCWL
: et -] INCWL
tAWD [~BWD twp |INCWD twp INRWL
W\ 3 / \r_/
ViL- tos o1 | tos tDi
ViH- 7/// //// Valid Valid @(Vand xz z x Valid x: : : : : : :
V- Data Data Data Data
:AA | |leac torF ‘,I,.M
RAC
VoL- toLz Data Data Data Data

Don't care

RAS ONLY REFRESH CYCLE

Vi~
ViL-

— Vin-

Ao~As

Dout

ViL-

Vin-

ViL-

VoH~

tcRP

N

tRc

'RAS

'RP

tRPC

/

tA:

SR RAH
-

Row

L

Open

on't care

Note: WE = Don't care, As = Don't care
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CAS BEFORE RAS AUTO REFRESH CYCLE

‘RC
‘RP
tRAS
V-
RAS V'“ N
L tRPC
'cPN | lCSR tCHR
— Viu-
cAs ™ / \ /
viL-
tOFF

Open

Don't care

Note: WE = Don't care, Ao ~ As = Don't care
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HIDDEN REFRESH READ CYCLE

tRC

o N \

@( >@§ i
W 7///////////'%8 N LI
- r—
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HIDDEN REFRESH WRITE CYCLE

s TN N\
- ‘Tg*; 'RCD
= _/
), ), KL
w TN T 777

o W TN e XOZITTITTTTTTTITIT

V -
OOOOOO

m Don't care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRP
t
- ‘\//m- RSH \—
IL-
tcsr tCHR tcPT 'cAs
L
— VIH-
CAS \
ViL- }
'AsC

SRS/, S Y ////’//////

CAC tRAL
READ CYCLF AR OFF
|

VOH- N
Dout VoL x% Valid Data >—
'RCS tcLz

l'_rﬁi
W - LI,

W w LI ////{1/7 I

SN, SR Y |////////

READ/WRITE CYCLE ‘_F
Dout xg[': Open — %% Valid Data >—
tawp 'tLWT;;vJL
£ :'L: RCS g
W w LI
tcwo twp

SN S Y,

: Don't care
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OXKI semiconductor
MSM511002A

1,048,576-WORD x 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM511002A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The
technology used to fabricate the MSM511002A is OKI's CMOS silicon gate process technology. The
device operates at a single +5V power supply. Its I/O pins are TTL compatible.

FEATURES

@ Silicon gate, tripple polysilicon CMOS, ® 1,048,576 words by 1 bit
1-transistor memory cell
® Family organization

. Access Time Cycle Time Power Dissipation
Family -
(MAX) (MIN) Operating (MAX) | Standby (MAX)

MSM511002A-70 70ns 140ns 468mwW
MSM511002A-8A/80 80ns 160ns 413mW 5.5mwW
MSM511002A-1A/10 100ns 190ns 358mwW

® Single +5V supply, ' 10% tolerance L] Sﬁtic column mode, read/write capability

® Input: TTL compatible, address input. data ® CS before RAS refresh, Hidden refresh,

input latch RAS only refresh capability
® Output: TTL compatible, tristate. nonlatch ® Built-in Vgg generator circuit

® Refresh: 512 cycles/8 ms
® Common I/O capability using “Early Write"
operation

PIN CONFIGURATION (TOP VIEW)

OIN
WE [2] 4 ’ Pin Names Function
RAS 3] AOto AS Address Input
::. o RAS Row Address Strobe
Al* cs Chip select input
A2°¢ OIN Data input
A3 (8 Dout Data Output
Vee (8] WE Write Enable
18 PINDIP vee Power Supply (+5V)
26 PIN SOJ 20PIN2IP Ves Srouna O
* Refresh Address NC No Connection
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FUNCTIONAL BLOCK DIAGRAM

RAS_[ Timing
- Generator “}__B Timing
cs 1 r ‘ Generator
|
Write J—
Sown, ———J—> Cotumn | Cock W
Buffers — Decoders Generator
Internal Retresh l
~, A I 170
Ao~As C ngrn.i:? Control Clock Sense Amps Selector g::&‘:' —— DouT
1
o 1
ress
Buffers S:y ‘3’9"’ T Memory
cod- .r's"" Cells
ers Input oo DN
ol et Buffer
Vee
Vg —
—_—] OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -1.0to+7.0 Vv
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 W
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - -55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vece - 4.5 5.0 55 \
Supply Voltage
Vss - 0 0 0 v
Input high voltage ViH - 2.4 - 6.5 v
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vce =5V +£10%, Ta =0to +70°C)
MSM MSM MSM MSM MSM
Parameter Symbol Conditions 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Noto
MIN [ MAX | MIN | MAX [ MIN [ MAX | MIN | MAX | MIN | MAX
Output high voltage | VoH | loH=—5.0mA 24 \Vcc| 24 |Vec| 24 |Vec| 24 (Vee| 24 [Veel V
Output low voltage VoL | loL=4.2mA 0|04 0 (04| 0 |04| 0 |04 0 |04]|V
Input leakage ovavi=esy;
P 9 Iy | all oter pins not |—10[ 10 |~10| 10 |—10| 10 [—10| 10 |—10| 10 | xA
current
under test=0V
Output leakage Doyt disable _ _ — — -
current ILo OV=VO<55V- 10| 10 10| 10 10| 10 10| 10 10| 10 | A
Average power RAS, CAS cycling,
supply current* lcct tro=min - |75 — |65 — |8 | — |75 — |65 mA
(Operating) C
Power suppl RAS=V|y |TTL| -2 | -2 | -2 | —-|2]|—|2
current* (g[t,a};\db ) lcc2 | CS=ViH mA
Y Dout=Hz [MOS| — | 1 | = |1 | =] 1| =|1]|-|1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H — |75 —|65| — |8 | — | 75| — | 65 |mA
(RAS only represh) trc=min
Average power Yt .
supply current* (CAS | Icc6 %fgg&gm —|75| - |es| - |85| —|75| — |65 |mA
before RAS refresh)
Average power RAS=V|L_,
supply current* Icc9 | CS cycling — | 55| — |65 — |70 — | 60| — | 55 |mA
(Static column mode) tsc=min
*Note: Icc is dependent on output loading and cycle rates. Specified values are
obtained with the output open.
CAPACITANCE
(Ta =25°C,f =1 MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A9, DyN) CIN{ - - 6 oF
Input Cﬂ)ac_it_ance
(RAS, TS, WE) Cin2 - - 7 PF
Output capacitance (DoyT) CouTt - _ 7 pF
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AC CHARACTERISTICS
(Vog =5V =10%, Ta =0 to +70°C) Note 1,2,3
MSM MSM MSM MSM MSM
Parameter - Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note
MIN | MAX [MIN | MAX |MIN [ MAX [MIN | MAX |MIN | MAX

Refresh period tRep | — 8 - 8 - 8 - 8 - 8 m
Random read or write cycle time |tgc (160 — [190| — |140| — |160| — |190| — | ns
Read/write cycle time trRwc|185| — [220| — |[165| — [185| — (220 — | ns
Static column mode cycle time tsc |56| — [585| — |45 — [50| — |55 | — |ns
Static golumn mode read/write tsawc| 80| — (100 — 70| — |8o| - |10 — |ns
cycle time
Access time from RAS tRac| — | 80 | — |100| — | 70 | — | 80 | — | 100 | ns |456
Access time from CS tcac| — | 25 | — |3 | — |20 | — |20 | — | 25 | ns (4,5
Access time from column address | taa - 40 - 50 L, 35 — 40 — 50 | ns |467
Access time from last write tALW| — | 75 | — | 95 | — | 656 | — | 75 | — | 95 | ns |4,7
Output low impedance time from CS  [tg z | O - 0 - 0 - 0 - 0 — | ns| 4
tlia::a:) I?jl;:np:td cr"nrc:uel(s:istlme reference taon| 5| — | 5| - |5| - |5| - |5]| - |ns
'lz)a::/_eoutput enable time reference tow | — | 30 | — |3 | -|3 |—|3|-|30]|ns
Output buffer turn-off delay tor | 0 | 20 | O | 20 20 20 | 0 | 20 | ns
Transition time tT 50 50 | 3|50 | 3|60 |3 |50 |ns|3
RAS prechrge time trRp (70| — |80 | — |60 — |70 — |80 | — |ns
RAS pulse width tras | 80 [10000| 100 {10000 70 |10000| 80 {10000| 100 [10000| ns
(F;’;Stig‘gzﬁ‘r‘z:ftr:o de cycle only) | IRASC | 80 [100000| 100 |100000| 70 1100000 80 1100000 100 |100000) s
RAS hold time tRgH 25| — |30 | — [20| — |20 — |25| — |ns
CS precharge time tcp |10 — |10 — |10 — |10 — |10| — |ns
CS pulse width tcs 25 [10000| 30 [10000| 20 [10000| 20 {10000| 25 [10000| ns
éfa';‘é'?orj’g:’hmo do oycle only) | 1CSC | 25 [100000] 30 |100000| 20 (100000 20 |100000| 25 |100000| s
CS hold time tcsH (80| — (00| — |70| — |80| — [100| — |ns
RAS to CAS delay time tRcD | 25| 55 | 25| 70 |22 | 50 |22 | 60 | 25| 75 |ns | 5
RAS to column address delay time|trap | 20 | 40 |20 | 50 |17 | 35 |17 | 40 |20 | 50 | ns
CAS to RAS precharge time tcrRp |10 — |10 — (10| — |10 — |10| — |ns
Row address set-time tAsr | O | — |O| — O | — | O - 10| — |ns
Row address hold time tRAH| 15| — |15 — |12 — |12 — |15| — |ns
Column address set-up time tasc | O - 0 - 0 - 0 - 0 — | ns
Column address hold time tcAH| 1| — |20 — |15 — |16 — 20| — | ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
Parameter Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note
MIN [MAX| MIN [MAX| MIN |MAX| MIN [MAX| MIN [MAX
Column address to RAS lead time |tgraL |40 | — |50 | — [ 3| — |40 | — [ 80| — | ns
Column adress hold time reference
to RAS (WRITE CYCLE) tAWR | 60 S| % 60 s ns
Column address hold time
reference to RAS tAR 95| — |15 — |8 | — |9 | — (15| — | ns
Column address hold time
reference to RAS precharge ] tAH 0 -0 -1 -1 10 ns
Column address hold time
reference to WE tAHWW | 75| — | 95| — |66 | — [ 75| — | 95 ns
Last write to column address delay ttwAD | 20 | 35 |25 |45 | 20 [ 30 |20 | 35 | 25 [ 45 | ns | 7
Read command se-up time tRcs | O |-} O0O| -0 | ~-|O0O]|—(10]|—-|ns
Read command hold time
reference to CS RCH | O | = | 0] =0 =1 0f=10) - ns| 8
Write connand hold time from RAS (twcr | 60 | — |75 | — |66 | — |60 | — | 75| — | ns
Write command set-up time twes| 0| - | O0O| -0 -0} —-—10|—-|ns| 8
Write command pulse width twp 5| —-—|20| — | 15| - |15 —]20| — | ns
Write invalid time twi 0|—-|10|—-(100}|—-—]10|—-|10]|—|ns
Write command hole time
(Dout disable) tWCH| 15| — |20 | — [ 16 | — [ 15 20 ns [ 8
Data-in hold time fromRAS tpHR |60 | — | 75| — |86 | — |60 | — |75 | — | ns
Data output hold time reference
to WE twoH | O 0 0 0 0 ns
Write command to RAS lead time [tpw |20 | — |26 — |20} — |20 | — | 256 | — | ns
Write command to CS lead time tcwL | 20| — | 25| — | 20| — |20 — |25 | — | ns
Data-in set-up time tps o|-|]o0o|—-|]O0|—-—]0}|—10]|~-|ns
Data-in hold time tDH 5| —-120) - |15 | — |15 | —|20| — | ns
CS to WE delay tcwp| 25| — |3 | - |20| —|20| — | 25| — | ns | 8
RAS to WE delay tRwp | 80 | — {100 — |70 | — |80 | — |100| — | ns | 8
Column address to WE delay time |tawp | 40 | — |50 | — 35| — |40 | — |50 | — | ns | 8
RAS to second WE delay tRswp | 95| — |15 | — |80 | — | 95| — |15 | — | ns
Read command hold time
reference to RAS tRRH | O | - |10 | — |10 |~ |10} —|[10]| - |ns| 9
RAS to CS set-up time
(CAS before RAS) tcsr | 10 O|(—-(10|—-—|10|—|10/|—-|ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
Parameter Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note
MIN [MAX| MIN {MAX| MIN [MAX| MIN [MAX | MIN |MAX
RAS to CS hold time )
—= — 30 | — 0| — |3 | — |3 | |3 | —|ns
(CS before RAS) 'CHR 3
CS active delay from RAS
0|-{w00|~-|10}| —-—]10} - ]10]| —|ns
! precharge tRPC 0 0
CS precharge time
— — — 40| — | 50| — | ns
(Refrech counter test) tcpT | 40 50 40
CS precharge time tteN |10 — |15 — |10 | — |10 —|1]|—|ns

Notes: 1 An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

2 The AC characteristics assume at t = 5 ns.

3 V|4 (min) and V|| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V.

4 Measured with a load circuit equivalent to 2TTL + 100 pF.

5§ Operation within the trcp (max.) limit insures that tgac (max.) can be met. trgp (max.)
is specified as a reference point only; if tcp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tcac.

6 Operation within the tgap (max.) limit insures that tgac (max.) can be met. tRAD (max.)
is specified as a reference point only; if tap is greater than the specified trap (max.)
limit, then access time is controlled exclusively by taa.

7 Operation within the t wap (max.) limit insures that tao(yw (max.) can be met. t wAD
(max.) is specified as a reference point only; if t_waD IS greater than the specified
tLWAD (max.) limit, then access time is controlled exclusively by taa.

8 twcs. twH. tcwD. tRWD and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs 2 twes (min.) and
twH 2 twH (min)), the cycle is an early write cycle and the data out pin will remain open
circuit (high impedance) throughout the entire cycle; if tcwp = tcwp (min.), tRwp 2
tRwD (min.) and tawp = tawp (min.), the cycle is read/write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

9 Either tRrH or trcH must be satisfied for a read cycle.
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READ CYCLE
tRc
'RP
M es |
tASR tRAH - tRAL tAH
A0 ~ A9 ‘\;'I':: Row M t Column /L]
AR
tcRP 'RAD tRCD tRSH ‘ TcRe
o5 Uw- cs
ViL- s —-— 'RCH
W T
!_ tRAC (O
Dout ng: OPEN \E@ Valid Data
:Don'tcare
WRITE CYCLE (EARLY WRITE)
'RC
tRP
s xIH-'——-W 'RAS
v AWR tcsH
- 'asm | tRAH
voso W TIN v WTIK e X7/7777777777777777.
{cRP 'RAD tasc 'CAH 'RSH
| - 'crp
s Vm- N\ 'cs 7|‘
Vi - 'RCD
twea 'WCH
— - twes
W X:f-//////|/j/U[///N$:; we V11T
DS 'DH
3:52//////|///////////X vaaoae W///// /111y
'DHR
Dout xgt': — OPEN
:Don't care
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READ/WRITE CYCLE
tRWC
tRp
w o 1 \
tasr tRAH ~ tCAH e
sose WX X//, L1
'RCD
tcrp 'RAD tR,AL tcRP
os z:t: J 'RCS ) < 1
t |
‘A(\;IM[I)D tcwL \
tRWD
I ) == / /// [/
tos toH
ow LI K e ‘ ///// /11 /1,
o] tcac ‘ tWOH
~_'mac ‘AA . L 'AOH ! | {OFF
Dout vgf Valid Data x; g, ;/}—-—
cLz s
—E—
'Don'tcare
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STATIC COLUMN MODE READ CYCLE

'RP
tRASC
RRS T
tAsr tRAH tsc tsc tRAL tAH
A0 ~A9 ViK - 1 1 1l
ViL - Row Column Column Column /
RAD tcrRp__|
'AR ‘cp 'RSH -
t
cs t
= V- CS
cs t
ViL - 'RCD tRe \ / .._.RRH
. H t
}lRCS tosH - o1 'RCS RCH
L
— V|H -
WE tca t
ViL - / / /ﬂ- -E.IC tAA AA tOFF
'AA ‘—’1 tOFF tcac
tRAC [tAOH !
VOH - - - -
D Valid Valid Valid
out VoL - . ah Data Data >_‘ Data
CLZ | t
-1 CLzZ

VA : Don't care
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@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

'RP
ViH— ‘ 'RASC
RAS \ \
viL—
tASR tRAH tcAH cAH RAL
ViH—
A0 ~ A9 ROW COLUMN COLUMN COLUMN X/ ///////J
v )
'L TAWR tcp sl | tere |
tRAD tAsC tASC tcsc cp 'RSH !
Vine tcsc
= IH Z
vy — t
L RCD tsc tewlL
wes 'WCH wes tRWL
wE ViH— twp WCH twes [
viL— 'DHR
tps tDH ps DH
ViH~— -
b /f //// ////X VALID VALID K// VALID /
IN Vi — DATA DATA DATA / /
VOH —
DouT - OPEN
VA Don't care
® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
thasC | P
- —— F—
RAS #
viL—
'ASR
RAH
[—_—
VIH—
A0 ~ A9 ROW COLUMN COLUMN COLUMN / / / / / /7 /
ViL— X
'AWR : e | tcan 'ASC tcAH tCRP
t CAH .
RAD tAse
tASC tewl
= ViH— tcsc
Vi — 'RCD
WCR tsc TRWL
WeS| | tweH wi wi
|-t twp wp
Vi e— twe
we M \
ViL— /
tDHR tos tDH os tDH
ps| | toH r
g
Vig—
oy M 77777777 VALID VALID VALID 1/////////
ViL— DATA DATA DATA /
V H —
bour © OPEN
VoL—

: Don't care
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STATIC COLUMN MODE READ/WRITE CYCLE

trP

RAS N

Vi - \ tRAL

tASR tRAH tCAH tRWL
v —CAH | foRWL |
A0O~A9 HT
L - Row Column Column W//////// ///
'RAD '§pwc {CRP

s VH- fcwp 1L WAD

ViL- tRcs [

tAwD tcwL
tRWD tAwWD
= Vin-7 twp —
WE viL -M i
tRCD tps tOH

ViH-7 Valid Valid 7

o /111111 Sae_X s X/
ICAC taom| WO | tan
tRAC ke 'AA of | talw |l —OW toFF
VoH -
Pour VgL— Valid Data Valid Data E_
tcLz

:Don'tcare

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

— V-
RAS 'H

Vi -

VIH-7

AO ~ A9 V|f- Column ///M Column Column ////1
tasc 'CAH

v tLwaD

cs M \ tAHLW
IL-
tAWD
L
— Viy- twp
WE Vi - 'cwop
‘DS toH tAA

ViH-7 ”

oW LS LR e K
) tcac | tow 'AOH
taAA 'AOH “taw
Vo~ Valid //// ////'.///////// Valia
DouTt VoL - oz Data /Inva ud/Deta// Data
(READ) L (WRITE) (READ)
1 L
:Don't care
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RAS ONLY REFRESH CYCLE

‘RC
tRP
tRAS |
RAS ‘Z:E - _y N\
tcRP tRPC
cs x:["
tASR tRAH

A0 ~ AB ‘6:[‘: / /// Row /////////////)(

Ve -
Doyt OH OPEN

VIA Don't care

NOTE: WE =Don't care, A9 = Don't care

CS BEFORE RAS AUTO REFRESH CYCLE

'rC
t 1
RP . ~ RAS
RAs VIH T /
RAS ViL - _/ tRPC
'cPN 'csR ICHR
— Vi -
cs
ViL -
lOFF
Vop - =
Dout VCO)L {L OPEN
T crm——]

NOTE: WE = Don't care, AO ~ A9 = Don't care
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HIDDEN REFRESH READ CYCLE

tRc

'RC

e \\::t'-_‘ tRCD = 'RSH = \—

A0~as JH- = g Cotumn i I/////////////
. tm 'RRH

we T Lonc NLLLLLLLLLL L

HIDDEN REFRESH WRITE CYCLE

\ tAR RAS |
_19@1“_ 'RCD 'RSH 1CHR 'CRP
TN 4
o XX e XLTTTTT 7777777777777 777777777
727| Nl T TT7Y,
777 “ T 777777777777 7777777

OPEN

: Don't care
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CS BEFORE RAS REFRESH COUNTER TEST

'RAS

K ;:f- CsR 'CHR tept \ s CR:’AH
vo—sa W= 77T T T 7777 __Column
READ CYCLE = A:AL 'iOFF
wE 5:31////// [/ tacw
WRITE CYCLE oy
so-ne WZTTTTT T T TR coum T/ /777 /T[]
we - 777777777777 " ///‘T/ s
ow ot 27T T T T DX vavaona /77777777
READ/WRITE CYCLE tcan
AO - A9 V”"_ // // // Column /‘ /l////[
e
WE H /////////////)ﬁ o L]
on w2 /777777777 77777 TR b [LL/L] ]

m : Don't care
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OXK I semiconductor
MSMb14256A

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514256 A is a new generation dynamic RAM organized as 262,144 words by 4 bits. The technology
used to fabricate the MSM514256A is OKI's CMOS silicon gate process technology. The device operates at
a single +5V power supply. Its |/0 pins are TTL compatible.

FEATURES
® Silicon gate, tripple polysilicon CMOS, ® 262,144 words by 4 bits

1-transistor memory cell
® Family organization

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating (MAX) | Standby (MAX)

MSM514256A-70 70ns 140ns 468mwW
MSM514256A-8A/80 80ns 160ns 413mW 5.5mwW
MSM514256A-1A/10 100ns 190ns 358mw

® Single +5V supply, =10% tolerance ® Fast page mode, read/write capability

® Input: TTL compatible, address input, data ® CAS before RAS refresh, Hidden refresh,

input latch RAS only refresh capability
® OQOutput: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vgg generator circuit

¢ Outputimpedance controliable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)

oa1 1] Rvss 00 [] 2§ vss & O -
oqz [Z] B pa4 B
oQ2 (2] 9joes  0Q2 003 (3]
WE Wwe 3] 24 oa3 [4] 004 -
wE (3] z 18] oa3 z oS Vss E [5) oo Pin Names | Function
msE & Mmos sl 3 g 23] 3 B
S — < E WE AO to A8 Address Input
neE & fgor Mol & BT % 2 ot
} > . Y = NO LEAD RAS Row Address Strobe
a0t [§] R [E4e a0+ 3] 8 ks 0 8 mgar- —
. - . o [18]A8 a CAS Column Address Strobe
a7 » A7 . > . A3 2 4] A3¢
A2° [g] B 3 ae ‘:;? & I i;‘ vee[T) 5 g ae- DQ110DQ4 | Data In/Data Out
A3 [9 13 As* [ L As® [17] . OE Output Enable
A3 [i7] hE) As- 19 A6
Vee @ E A4s A7 [19 E A8* WE Write Enable
vee i3 14 as:
20 PIN DIP 2é PN SOJ 20 PIN 2IP vee Power Supply (+5V)
vss Ground (OV)
* Refresh Address NC No Connection
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FUNCTIONAL BLOCK DIAGRAM
ﬁ_A;—S_‘ Timing
s jGenevalor ’j__ | Timing
7 ql ) Generator
i I
H Write —
G "N coumn Clock = We
Buffers —‘_' Decoders Generator|
S —
Ao~hs [ Agdres Refresh =~ 110 [Floutput
o~ ress — utpu
® Counter Control Clock Sense Amps - Selector L—{Buff‘;rs
1
Row 1] l DQ.~DQ.
Add
Buﬂree"ﬁ.s’s SZ‘." g‘?'d Memory
cod- | fare” Cells
ers Input ...
Buffers
Vee
vss ]
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -1.0to +7.0 Vv
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 w
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - -55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°) )
Parameter Symbol | Conditions MIN TYP MAX Unit
Vce - 45 5.0 55 v
Supply Voltage
Vss - 0 0 0 \
Input high voitage ViH - 2.4 - 6.5 v
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vgg =5V £10%, Ta = 0to +70°C)

MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256

Parameter Symbol Conditions A-8A A-1A A-70 A-80 A0 it | Noto

MIN | MAX | MIN | MAX | MIN { MAX | MIN | MAX | MIN | MAX

Output high voltage | VoH | loH=—5.0mA 24 \Vcc| 2.4 Vol 24 |Vegl| 24 |Veg| 24 (Ve V

Output low voitage VoL | loL=4.2mA 0|04 0 04/ 0 04| 0 |04 0 |04V

OV=VI=6.5Y;
I} | all oter pins not |—10| 10 |—10| 10 |—10| 10 |—10| 10 {—10{ 10 | A
under test=0V

Input leakage
current

Output leakage DoyTdisable _ _ _ B B

current Lo OV=VO<55V 10| 10 |—10| 10 |—10| 10 {—10] 10 |—10| 10 | A

Average power RAS, CAS cycling,

supply current* Icct TRe=min — |75 — | 65| — 8| — {75 — | 656 |[mA

(Operating)

Power suppl RAS=Vjy |TTL| -1 2 | — |2 | —-|2 | -2 ]|—}|2

current* (glt)a);\dby) lcc2 | CAS=ViH mA
Douyt=Hz |[MOS| — | 1 | — |1 | = |1 | —=|1]—]1

Average power RAS cycling,

supply current* icc3 | CAS=Vi4 —|75| —|®5| — |8 | — [75] — | 656 |mA

(RAS only represh) trRc=min

Average power RAS cycling,

supply current* (CAS | Iccb | =oc — |75 — |65 — |8 | — 75| — | 66 | MA
before RAS refresh) CAS before RAS

Average power RAS=V|_,

supply current* Icc7 | CAS cycling — |60 — 60| — 75| — |65 — | 60 | MA
(Fast page mode) tpc=min

*Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the

output open.
CAPACITANCE
(Ta =25°C,f =1 MH2z)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A8) CiNt - - 6 pF
Input capacitance
(RAS, CAS, WE, OF) Cin2 - - 7 pF
Output capacitance (DQ1 to DQ4) Cio - - 7 pF
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AC CHARACTERISTICS
(Voo =5V +10%, Ta=0to +70°C) Note 1,2,3
MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256
Parameter Symbol A-8A A1A A-70 A-80 A-10 Unit | Note
MIN| MAX |MIN | MAX | MIN | MAX | MIN | MAX |MIN | MAX
Refresh period tRep | — | 8 -1 8 -1 8 -1 8 -1 8 |ms
‘ Random read or write cycle time |(tgc |160| — |190} — |140| — (160} — |190| — | ns
| Read/write cycle time trRwc (215 — |266) — |195| — |216] — [2586| — | ns
Fast page mode cycle time tpc 5| — |66 — |45 — |50| — |55 | — |ns
:;set page mode read/write cycle trwc |10 | — |120] — |100] — |108| — [120] — |ns
Access time from RAS tRac| — | 80 | —|100| - 70 | — | 8 | — | 100 | ns |45
Access time from CAS tcac| - | 25| -3 | -]2 |-|2 | -] 25 |ns|45
Access time fro columu address | tAA — |14 | -1 58 | —| 3| —]40 | —| 5 |ns |46
Access time from CAS precharge tcPA] — | 50 | — | 50 | — | 40 | — | 45 | — | 50 |ns | 4
8_:t§put low impedance time from oz 0| - | o _ 0 _|o _lol = lns! a
‘ Output buffer turn-off delay toFr | O 20 | O 20 { O 20 | O 20 | O 20 | ns
Transition time tr 3|68 |3)|5 {35 |3 |50 |3)]65 |ns|3
RAS prechrge time tgp |70 — |80| — |60| — |70| — |80 | — |ns
RAS pulse width tRAS | 80 | 10000 | 100 | 10000 | 70 | 10000 | 80 | 10000 | 100 | 10000 | ns

RAS pulse width

(Fast page mode cycle only) trasp | 80 {100000| 100 {100000| 70 (100000 80 |100000| 100 100000| ns
RAS hold time tRgH |25 | — 30| — |20| — (20| — |25| - |ns
(CFggt l::::: ar;%?i:rxc!e only) tcp (10 = |10 — |10 ) = 110 = J 10} — |ns
CAS pulse width tCAS | 25 | 10000 | 30 | 10000 | 20 | 10000 | 20 | 10000 | 25 | 10000 | ns
CAS hold time tcsH ({80 | — |00 — (70| — |80| — (100 — |ns
RAS to CAS delay time tRcD |25 | 55 [ 25| 70 |22 | 50 |22 | 60 {25 | 75 |ns | 5
RAS to column address delay time{trap | 20 | 40 |20 | 650 |17 | 35 |17 | 40 {20 | 50 | ns | 6
CAS to RAS precharge time tcRp |10} — |10} — |{10] — |10} — 10| — |ns
Row address set-up time tasR| 0| — 0| —]o0o| —]o] —-]0]| - |ns
Row address hold time tRAH | 15| — |15 — |12] — |12| — |16 — |ns
Column address set-up time tasc| 0| - |O0O| —|O0O| —}O0O| —|{O0O]| — |ns
Column address hold time tcAH| 15| — |20 — |16 — |16 — |20| — | ns
Column address hold time from RAS |tar |60 | — | 75| — |85 — |60| — | 75| — |ns
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MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256
Parameter Symbol A-BA A1A A-70 A-80 A0 | Unit |Note
MIN [MAX| MIN |MAX| MIN |MAX| MIN |MAX| MIN [MAX
Column address to RAS qead time {traL | 40 | — |50 | — |35 | — |40 | — |50 | — | ns
Read command set-up time tRcs | O | — | O -lo0o|—-10]—=]101|—-1|ns
Read command hold time tRcH| O |- | O | ~-]O0O|—-—]0|—-—|0]|]—|ns| 8
Write connand hold time from RAS |twcr | 60 | — | 75| — | 55| — |60 | — | 756 | — | ns
Write command set-up time twes{ 0O |- (0| —-—j0]|—-]0}|—-]0{|—=1ns]| 7
Write command hold time twcH| 5| — |20 | — |15 | — |15 | — |20 | — | ns
Write command pulse width twp 15 — {20 | — 15 - 15 — (20| — | ns
Write command to RAS lead time [trwL | 20 | — {25 | — |20 | — |20 | — [ 25 | — | ns
Write command to CAS lead time [tcwi | 20 | — | 25| — (20| — | 20| — | 25| — | ns
Data-in set-up time tps o|-|(o0o}|—-—]0|—-—]0|—-—}10]|—|ns
Data-in hold time toH 5| -2 — |15 | — |15 | —|20| — | ns
Data-ds hold time from RAS tbpHR |60 | — | 75| — |85 | — |60 | — |75 | — | ns
CAS to WE delay tcwp |55 | — |65 — |50 | — {50 | — |60 | — | ns | 7
RAS to WE delay tawp | 110 | — [135| — |100| — |10 | — [135| — | ns | 7
Column address to WE delay time [tawp | 70 | — | 85| — | 65| — |70 | — |8 | — |ns | 7
::?:fesg:ga%m'd time tRRH |10 | — |10 | — |10 —|10|~-{10|-|ns| 8
g\%tgefcﬁz ;eTté‘)’p time tcsR (10| — (10| - |10~ |10|~]10]-|ns
:‘,ﬁ:\ss 'Sez:: QLA"S’) time tcHR |30 | — |30 | — |30 | — |30 | - |30 |- |ns
gﬁ:rgzve delay fron RAS tRec |10 — (10| - |10 -|10]|-]10]|-]ns
(Refesn coumer 1o tPT | 40 | — | 80 | — |40 | — |40 — |50 |~ |ns
CAS precharge time tcteNn (O — (15| — (10| —-[10|—- |15~ |ns
RAS hold time reference to OE tROH |20 — |20 | — |20 — |20 | — |20 | — | s
Access time from OE toEA | — |20 | — |25 | — |20| — |20 | — |25 | s
OE delay time tobE | 20| — | 25| — |20| — |20 | — | 25| — | ns
Elfnt-(;f? Z:;;utput guffer toez | 0 |20 | O [ 25| 0 20| O |20 | O |25 | ns
OE command hold time togH | 20| — |25 | — |20 | — |20 | — | 25| — | ms
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Notes:

196

1

An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC characteristics assume at tT =5 ns.

ViH (min) and V| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V| and V).

Measured with a load circuit equivalent to 2TTL + 100 pF.

Operation within the tgcp (max.) limit insures that tgac (max.) can be met. tgcp (max.)
is specified as a reference point only; if trcp is greater than the specified tggp (max.)
limit, then access time is controlled exclusiveiy by tcAc.

Operation within the trap (max.) limit insures that trac (max.) can be met. trap (max.)
is specified as a reference point only; if tgap is greater than the specified tgap (max.)
limit, then access time is controlled exclusively by taa.

twcs. tcwb. tRWD and tAwD are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if tywcs 2 twcs (min) the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; it tcwp 2 tcwp (min), trwp = trwp (min) and tawp =
tawp (minJ), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate. ’

Either tRrH or tRcH Must be satisfied for a read cycle.
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READ CYCLE
& TN N — 4 -
o 0 TN oo YON e XZZZZZTTTTTTTTITIX
w I e T NI
* I, 777777 T T,
* o Don't Care
WRITE CYCLE (EARLY WRITE)
= — e -
eI v
v TN e Koo KIZZ7TTTTTTTTTTTT7X
w i TN T T T T
L
® T T T T T T T 7T 77777777,

DQ1 ~DQ4 “H”
ViL -

1
'DHR
t, 1
| tos DH
Valid Data-in

OPEN

Don't Care
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WRITE CYCLE (OE CONTROL WRITE)

IV o cre N\
CAS \\;:r: 'RAD R}CD‘ \ :1?25_8’4 \_
o = TN o KON soom XTI TTTTTTTTTT7
——
w T T T TTTTT 7T 7T,

'OEH

& W 7777

'0ED

'Ds
B

L

‘oH
bar ~0as [ vaiavaain X'/ /// /[ /[ [/ /[ [/ [/ [/ /
moon‘lCare
READ/WRITE CYCLE
tRWC
'RAS 'RP
RAS :‘H \ 'R '{ (' tcRP| \—
v | 'csH
'c'_n_P. | 'RSH r
s Vm- —\ | tcas —r\
VIL-_{‘S_R— ;'_?:H "A.SE} \ ICA.:
s as Column ///////////////f/ﬂ(
'RAD tcwbp tcwi
'RWD L 'RwiL
WwE ::[': 1AA = tawp - Z
v 'oe,\r
& WL N ‘oo
'cac toez | 'os|| 'oH
'RAC ==
0Q1 ~ DQ4 ;:;gr: — X Yaha Data Valid Data-in / / / / / / ///
Don't Care
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FAST PAGE MODE READ CYCLE

'RASP 'rp
aas Vi _\ ‘AR
viL - 3 - 1/ " lcre
PC RSH =
t I}
CRP trRCD icp
== VIH- i t t tcA
cas v:f-f FAD CIAS cAs |, tcas \
tASR 'CsH - 'RAL
—t==~ |'raH 'asC |lcaH 'asC| | tcaH 'ASC | ['CAH
e Biad il S
AV -
A0 - A8 V::‘ Row Column Column Column /////%
'RCS 'RCH 'RCs | || trcs tRCH
WE VW7 7f
{ 22 'AA RRH 4 o
loEA toEA " toea
5 VIH-7 /
o W 777 7T77TTIIN | 77777 777N 7077777
ViL- / / ! Z/ / k }] /
tcac uq‘:F 'CAC OFF cac _'gfr
'RAC l0EZ toLz '0EZ oLz l0EZ
_ VoH - DX Valid Vahid Vahd
0Qt ~DQ4 VoL ~ Data-out Data-out Data-out
oLz m Don't Care
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
'RASP 'RP
— V|- ‘AR \
RAS L - \ % tae )\
MW
\ . tpc 'RSH
CRP RCD tcp
. - t 'cA ca
N c/las );::\ cas — | lcas
IL - |
tASR ICSH __, y tRAL
1« "TRAR TasC |_'CAH tasc || tcam asc| | tcan
RO~ A8 UH™ R Col Column Col
v|L - ow olumn olum olumn
'RAD |
twes
twes 'WCH 'WCH twes WG
t t
we V- W We twp
WE Vi /
'os| | 'on 'os | | lon _"o_s_i 'DH
_ VIH ™ ::i i / :& Valid Valid Valid / /////f
DQ1 ~DQ4 ViL - Data-in Data-in Data-in ,/
'DHR
Don't Care
OE |= |Don't Care
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE)

tRASP tRP
s Uy ——
tcSH tec tRsH tcrP
‘crP{| — tacp tons |- tcp
tcAS tcas
v
CAS l'['_ . f
'A_Si :%H \ tcwi| tasc||cAH  tcwi| AscC tcAH
: AS CAH
|
| ao-ag (7 /N Row ’Il covumni///////Reorum//// 1/ Reorums XU/ ////111///
'—_AR—J twp twp 'RL‘CWL
_ V|
W o I ]//'777777 /
tweR ' twp
tOEH tOEH tOEH
o oo X o N
o b I s o oo | [
toeD toep t0ED DH
'DHR ]

Vin- 777777;77‘7‘7777777 ALI VALID VALIDK{C:fff:f
DQ1~DQ4 m 2 DATA DATA

m Don’t Care
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FAST PAGE MODE READ/WRITE CYCLE

'RASP
1
AAS VH 'ﬂ\*———wﬂ .
ViL - RP
'csL RS
H
[ [ I
RCD cAS tcas - CRP
Cas Vm~ 'RAD /
Vie - RAH :
t tCAH 1 RAL
t . t 1
ASR, lﬁfrc. ASCL tcan tASC ['cAH
U
Vigy -
AO —~ A8 V:f- Row’X Column l:o|umn& /// %lum‘ //// ////
l tRWD i) ) ' tRWL
res. ‘cwo g tcwp 'cwbp t
"B f towL cwL
ane VIH -
WE v - Z S tAWD \L_H/ {AWD F{ tAWD \d['
i {ROH WP
toEA twp tOEA twel OEA !
f— 4 .
— Vg~
3 VH
I s
AA OED cPA \oED CPA OED
t ! {CAGH 1
CAC toEZ ‘CAC ] CAC] rl
'RAC L AA_ | toEZ tAA FﬁEZ
I T -
t ' 1
“ D§ toH 1l‘?s ng)H 'ps| | DH
‘ L
oo ~oas Y10~ S g 0.0 Qorh w p———
. n ¥ il
cLz cLz cLz
_.‘_?'_
V/,‘ Don't Care
RAS ONLY REFRESH CYCLE
'rc
'rP
'RAS.
_ Vg
RAS M \ /
Vi -
'cRP 1=1-Yo}
J—— VIH_
CAS
\_/
tASR | | 'RAH
[y
I
- -
[ /| Don'tCare
Notes: WE, OE = Don't Care
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CAS BEFORE RAS AUTO REFRESH CYCLE

‘RC
'rp 'RAS 'RP
RAS \\//:r: trpc \ 'RPC
'cPN | (!CSR 'CHR
ww_ T /
"E).F‘F
DQ1 ~DQ4 58’:: {L OPEN
Notes: WE, OE, AO ~ A8 =Don't Care
HIDDEN REFRESH READ CYCLE
'RC 'RC
'RAS tRP tRAS tpp
R — \ \_
'crRP 'RCD 'RSH 'CHR
=/ | / \
ASR 'RAH 'CAH
sl .0, =D I A
‘Rt —l tRAL I'u—l-BR—H-
W A L
|

tOEA
SN, Y (I,

tcAC || tore

thag e hel4
DQY ~DQ4 zg’: - | Valid Data-out }
m Don't Care

202




—a MSM514256A =

HIDDEN REFRESH WRITE CYCLE

= PR \
RS 3 0, =3 U &
i - I I ITTITTT.
= T T T T T
[l Lo
oo 00 0 TTTTX e X7 TTTTITTTTTTTIITIITIT
! tDHR
Don't Care
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CAS BEFORE RAS REFRESH COUNTER TEST

READ CYCLE

DQ1 ~DQ4 vOH
oL -

‘RP

WRITE CYCLE

F_ﬁ: 'CHR Tcer tCI:ZSH
z:r :_\—1 ASC CAH
97%407//%%44/ e WA
w L on 7
" 464606090046656446/ > LT
toLz toE2 L;:_ toFF
wes t I

WL

/77//[/////[

pQt ~pa4 VH”

_VH

DQ1 ~DQ4

® //Z////////////////////////////777///
3]

ViL -

READ/WRITE CYCLE

Vi/oH-

VisoL -

7T W——
- c4[///79@£/////7772: gs'“.gg
{72 oontcare el Data-in
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OKI semiconductor

MSM514258A

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514258A is a new generation dynamic RAM organized as 262,144 words by 4 bit. The
technology used to fabricate the MSM514258A is OKlI's CMOS silicon gate process technology. The

device operates at a single +5V power supply. Its |/O pins are TTL compatible.

FEATURES

® Silicon gate, tripple polysilicon CMOS,

1-transistor memory cell
® Family organization

® 262,144 words by 4 bits

. Access Time Cycle Time Power Dissipation
Family -
| (MAX) (MIN) Operating (MAX) | Standby (MAX)
MSM514258A-70 70ns 140ns 468mW
MSM514258A-8A /80 80ns 160ns 413mW 5.5mwW
MSM514258A-1A/10 100ns 190ns 358mwW

® Single +5V supply, +.10% tolerance
® |nput: TTL compatible, address input, data

input latch

® Output: TTL compatible, tristate, nonlatch

® Refresh: 512 cycles/8 ms

® Output impedance controllable through early

write and OE operations

® Static column mode, read/write capability

capability

e CS before RAS refresh, Hidden refresh,
RAS only refresh capability

® Built-in Vg generator circuit

PIN CONFIGURATION (TOP VIEW)

oa1[3 26)Vss
o1 [} 2o vss oaz 2] %om o8 g 7] cs
paz2 [Z] 19004 W 24003 pQ3 [3 4] bs
WE @ z 18] a3 S E z E = Vss E z E a1 Pin Names Function
RAS E %’ E cs NC E 2 E OE oaz E (£ E] WE AO to A8 Address Input
3 o RAS o —
ne [§] % 1§ o€ < g & |NOLEAD  RAas Row Address Strobe
. A8* N AO*[11] N »
20" (g} & E AO* E A 1__3] A8 2 12] A1 Chip select input
a7l $ [qar arfE & @A a(3 £ 7 as
ps] b vee[ts] B DQ1toDQ4 | Datain/Data Out
A2 g ELG . » . vee » [ig Ad*
@ ol X i o AS* (17 OE Output Enabl
. . " utput Enable
A3* [3] 12 A5 A3 7 Bas . E 1§ A6
vee 9] ROV ) g 29 A8 Write Enable
20 PIN DIP 26 PIN SO 20 PIN ZIP vVee Power Supply (+5V)
Vss Ground (OV)
N.C. No Connection

* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
_ Generator Timing
cs 1 Generator
-
N Write —_—
o, —we
Buffers " Decoders Generator|
l l I
Internal Refresh ]
Ao~As E égg:ﬁ:f =] Control Clock SenseAmps | | Se'lggtor :g&‘ftf%l:;
1
Row o 1 1 DQ,~DQ.
Address Row Fﬂ W
Buffers De- | | P ord Memory
cod-| | oMV~ Cells
ers ers Input
Lol I Buffers
Vee
Vs — ]
—_ OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -1.0to+7.0 v
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 W
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - —55 to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vee - 4.5 5.0 55 v
Supply Voltage
Vss - 0 0 0 \Y
Input high voltage ViH - 2.4 - 6.5 \
Input low voltage ViL - -1.0 - 0.8 \
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DC CHARACTERISTICS
(Vo =5V =10%, Ta =0to +70°C)
MSM MSM MSM MSM MSM
Parameter Symbol Conditions 514258A-8A | 514258A-1A | 514258A-70 | 514258A-80 | 514258A-10 Unit | Noto
MIN | MAX | MIN | MAX | MIN | MAX| MIN | MAX | MIN | MAX
Output high voltage | VoH | loH=—5.0mA 2.4 \Vcc| 24 [Vcc| 24 |Veg| 24 (Voc| 24 (Voo V
Output low voltage VoL | loL=4.2mA 0|04/ 0 04| 0|04 0 Q4]0 |04V
Input leakage OV=VI=6.5V;
P 9 Iy | all oter pins not |—10| 10 |—10{ 10 |—10| 10 |—10| 10 |—10] 10 | xA
current
under test=0V
Output leakage Dourt disable _ _ _ — _
current Lo OV=VO<55V 10| 10 10| 10 10| 10 10| 10 10| 10 | A
Average power BAS, G5 cycling,
supply current* Icct trg=min ~ |75 - |65 — |8 | — |75| — |65 |mA
(Operating)
Power supply %S:WH TL| - 2| -2 | -2 |—-12]|—-1|2
current* lcc2 | CS=V|H mA
(Standby) Dout=Hz |MOS| — | 1 — |1 - |1 - 11 - |1
Average power RAS cycling,
supply current* Icc8 | CAS=V|H4 —|75| —|65] — |8 | — |75| — | 65 |mA
(RAS only represh) trc=min
Average power o — .
supply current* ©8 | Ioc6 %Sbgfy;g"g'—% —|75| - |6s| — |85| - | 75| — |65 |mA
before RAS refresh)
Average power RAS=V)_,
supply current* Icc9 | CS cycling —|60| — |60 — |75 — | 65| — | 60 [MmA
(Static column mode) tsc=min
*Note: Icc is dependent on output loading and cycle rates. Specified values are
obtained with the output open.
CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A8) CiNt - - 6 pF
Input capacitance
(RAS, TS, WE, OF) CiN2 - - 7 pF
Output capacitance (DQ1 to DQ4) Ci/o - - 7 pF
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AC CHARACTERISTICS

(Vg =5V +=10%, Ta =0to +70°C) Note 1,2, 3
MSM MSM MSM MSM MSM
Parameter Symbol 514258A-8A | 514258A-1A | 514258A-70 | 514258A-80 | 514258A-10 Unit | Note
MIN | MAX | MIN | MAX |MIN | MAX MIN | MAX | MIN | MAX

Refresh period tREP | — 8 - 8 - 8 - 8 - 8 |ms
Random read or write cycle time |trc |160| — 190 — (140 — |160| — (190| — | ns
Read or write cycle time trwc (215 — {256 — (196} — |2156| — |255| — | ns
Static column mode cycle time tsc 66| — |85 — |45 — [60| — |85 — |ns
Static column mode read/write sawe | 10| — |85 — [100| — |10| — [135| — |ns
cycle time
Access time from RAS tRac| — | 80 | — (100 | — [ 70 | — | 80 | — | 100 | ns 456
Access time from CS tcac| — | 25| — |3 | -] 20| - |20 | —| 25 |ns |45
Access time from column address | taa — |40 | —| 8 | —| 3 | —| 40 | — | 50 | ns |467
Access time from last write taw| — | 75| —] 95|~ |65 |~ |75 —| 95 |ns |47
Output low impedance time romCS {tc,z [0 | — |0 | — | 0| — | 0| — | 0| — |ns| 4
Sztjmzug);;g:;d time reference to tAOH| 5| -~ |5 - 5| |85 -5 |ns
tlI())a:,;liEg\utput enable time reference tow | — |8 | -3 |- |3 |-]a|-|30]ns
Output buffer turn-off delay tOFF 20 20 20 20 | O | 20 | ns
Transition time tr 50 | 3 |5 {3 |50 |3 |50 |3)|50 |ns| 3
RAS prechrge time tRp |70| — |80 | — |60| — |70| — |80]| — |ns
RAS pulse width tras | 80 (10000 100 [10000| 70 [10000| 80 (10000( 100 [10000| ns
g’:‘;’i’c"'gzh‘:"ﬁhmo de oycle only) |'RASC | 80 |100000| 100 |100000) 70 1100000 8O |100000) 100 1100000 s
RAS hold time tRsH |25 | — |80 | — |20 — [ 20| — |25| — |ns
gf’azfggf‘ﬁi tr::;e) tep |10 — |10 — |10 = [10| — |10] — |ns
CS pulse width tcs 25 {10000| 30 [10000{ 20 [10000| 20 {10000| 25 (10000| ns
éfa‘t’iz'iil‘ﬁ:;hmo do oycle only) | {CSC | 25 |100000| 30 [100000| 20 1100000 20 |100000] 25100000 s
CS hold time tcsH | 80| — [100| — |70| — |80 | — [100| — |ns
RAS to CS delay time tRep |25 | 55 | 25| 70 |22 | 50 |22 | 60 | 25| 75 |ns | 5
RAS to column address delay time|tRap | 20 | 40 | 20 | 50 |17 | 35 |17 | 40 |20 | 50 |ns | 6
CAS to RAS precharge time tcRp|10] — {10 — |10} — |10} — 10| — |ns
Row address set-up time taAsR | O - 0 - 10 - 10 - 0 - | ns
Row address hold time tRAH[1 | — |15 — (12| — |12 — | 16| — |ns
Column address set-up time tasc | O - 0 - 10 - 10 - 0 — | ns
Column address hold time tcaH | 15| = |20 — [15| = [158] — [20| — |ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
514258A-8A |514258A-1A |514258A-70|514258A-80| 514258A-10

Parameter Symbol Unit | Note
MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX

Column address to RAS lead time |traL |40 | — |80 | — |3 | — |40 | — |80 | — | ns
Column adress hold time reference

to RAS (WRITE CYCLE) tAWR | 60 [CH R ol E e B K I
Column address hold time

reference to RAS tAR 9| - |15 — |8 | — 19| — |15 | — ns
Column address hold time

reference to RAS precharge tAH 10 =10} =10 =110 =110}~ |ns
Column address hold time taw |75 | — |95 | — |65 | — |75 | — |95 | — | ns

reference to WE

Last write to column address delay |twap | 20 | 35 | 25 | 45 | 20 | 30 | 20 | 35 | 26 | 45 | ns | 7

Read command se-up time trRcs | O - 10 - o|—-10 - 10 - | ns
Read command hold time tRcH | O - |0 -0} =10 - 10 - | ns| 9
Write command hold time from RAS  [twcr |60 | — |75 | — | 55| — | 60| — | 75| — | ns
Write command set-up time twes | O -1 0 -1 0 -1 0 - 10 — | ns| 8
Write command pulse width twp 5| —-]120f — |15 — |1 | —120| — | ns
Write invalid time twi 0O|—-|W0({—-—|10}|—]10]— (10| —|ns
Write command hole time

(Dout disable) tweH| 15| — |20 — | 15| - |155| - |20| - |ns| 8
Data-in hold time fromRAS tpHR |60 | — | 75| — |55 | — |60 | — |75 | — | ns
Write command to RAS lead time [trw | 20 | — |26 | — 20| — |20 | — | 256 | — | ns
Write command to CS lead time tcwo{ 20| — (26| — |20 — |20 | — |25 | — | ns
Data-in set-up time tps o|-|0|—-—10| 10| —=101]—-1ns
Data-in hold time tDH 5| —-|120| — |15} — 15| — |20 — | ns

CS to WE delay tcwp| 55| — |65 | — |50 — | 50| — |60 | — | ns | 8
RAS to WE delay tRwp | 10| — [1385| — |100| — {110 | — |135| — [ ns | 8
Colun}u address to WE delay time [tawp |70 | — |85 | — | 65| — |70 | — |85 | — | ns | 8
RAS to second WE delay tRswp | 95 | — |15 | — |80 | — |95 | — |15 | — | ns
Read command hold time

reference to RAS tRRH | O | - |10 | - (10| — | 10| — | 10| —|ns| 9
RAS to CS set-up time

(CS before RAS) tcsr | 10 10 10 10 10 ns
RAS to CS hold time

(E-S‘ before ﬁx—s‘) tCHR 30 - 30 - 30 - 30 - 30 - ns

CS active delay from RAS twpe |10 | — |10 | = 10| -|10]-]1w0]-]ns

precharge
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AC CHARACTERISTICS (CONT)

Parameter Symbol

MSM MSM MSM MSM MSM
514258A-8A|514258A-1A | 514258A-70|514258A-80| 514258A-10

MIN |MAX| MIN |MAX| MIN [MAX| MIN [MAX| MIN |MAX

Unit | Note

CS precharge time

(Refrech counter test) tcpT | 40| — | 80| — [ 40| — | 40} = |80 | — |ns
CS precharge time tteN |10 | — | 1B | — |10 ~]10]|—|15]|—|ns
RAS hold time reference to OE tRoH |20 | — |20 | — |20 | — |20 | — |20 | — | ns
Access time from OE toEA | — | 25| — |30 | — |20| — |20 | — | 25 | ns
OE delay time toeDp |20 | — |25 | — |20 | — |20 | — |25 | — | ns

OE to data outkut buffer turn-off

toez | 0 |20 | O |25 | O |20 O |20 | O |25 | ms

delay

OE command hold time toEH |20 | — |25 | — |20 | — | 20| — | 25| — | ns

Notes: 1 An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

2 The AC characteristics assume attT =5 ns.

3 V|H (min.) and V| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V).

4 Measured with a load circuit equivalentto 2TTL + 100 pF.

5 Operation within the tgcp (max.) limit insures that trac (max.) can be met. trcp (max.)
is specified as a reference point only; if trgp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tcaC.

6 Operation within the tRap (max.) limit insures that tgac (max.) can be met. trap (max.)
is specified as a reference point only; if tgap is greater than the specified trap (max.)
limit, then access time is controlled exclusively by taa.

7 Operation within the tywap (max.) limit insures that taolw (max.) can be met. tLwAD
(max.) is specified as a reference point only; if twaAD is greater than the specified
tLwaD (max.) limit, then access time is controlled exclusively tpA.

8 twcs. tcwD. tRWD and tawp are not a restrictive operating parameters. They are included in
the data sheet as electrical characteristics only; if tyycs = twcs (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if toyp 2 tcwp (min.), tRwp = trRwD (Min.) and tawp = tawp (min.) the cycle
is read/write cycle and the data out will contain data read from the selected cell; if neither of
the above sets of conditions is satisfied the condition of the data out (at access time) is
indeterminate.

9 EithertRrH or trcH must be satisfied for a read cycle.
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READ CYCLE
'RC
'rP
ey 'RAS
s VIHT \
RAS Vit - 'crP
'csH
“CRP tRCD {RSH
[
— - t
s VM tRAD \ \ cs
Vi - /
‘AR
t t t
ASR RAH tRAL AH
V _
A0 - A8 VIH / Row Column X/ /
([
' | 'RCH
'RCS 'RRH |
——1 i
— V- T
W o [T won | /.
- <———|
| tAA
g VIH - / / / / / toeA / /
OE
ViL - ,,/
tCAC OFF
'RAC '0EZ
v _ I
DQ1 ~DQ4 Vg[‘ OPEN Valid data-out >
- IcLz
Don'tcare
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WRITE CYCLE (EARLY WRITE)

= x:r:——q\ tAWR ih‘ﬂ
s x:r:_tjﬁ | 'RAD \ 2
lash _.}M tASC tcAH
s a8 - Rovlv e N/LLLLLLLLLL LS
wE - 7[////////\ :WPR ([/[[[ ]

& w /] ///////// [LLLLL
‘__tonnm
Do1~oo4z:r J\_.= valaatan 2 OPEN 0 o
WRITE (OE CONTROL WRITE)
- X:T-_ﬂ;:” ey hﬁ
T e T
Sl o ey
Josil _fﬁ
SIS, o ‘,’{(//'////////// [/
w w777 T T e~ T T T ITT 7T
o T NZZIT7TT 7
o ooty {77 TR emee X[LTTTTTTTTTIT
Invalid Data-out m Don't care
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READ/WRITE CYCLE

'RwWC
'RAS ‘RP
_ — RA
RAS x'H L / \
-
'CSH .
'cRP 'RCD 'RSH crp
|
—— - 1
TS VM 7 tRAD N cs
Vi -
'ASR| [IRAH {CAH:
B il
V -
A0 A8 v:[‘_ Row Column // //////
‘cwp lcwL }
'RWD 'RWL ‘
— - t
WE VM TAWD \..EW777777
viL - n L
OEA T
S ViH 7
' TN
- L '0ED
'cac " !
'RAC loez | 0S| | o
VioH ~ .
DQ1 ~DQ4 V'/OH DValidDaia-out Valid Data-in 7 / ///
1oL - oLz * s
F———————— !
" tAA m Don'tcare

STATIC COLUMN MODE READ CYCLE

'RP
mxs Vi __q\ RASC
V)L -
tasR {RAH tsc tsc 'RAL tAH
Vi - -
A0 A8 v:t‘ Row / Column x Column ‘ Column W///
- l
'RAD 'crRP _]
AR cp 'RSH 1
_ - t t
cs ://”" \ S \::zcs / RRH
w - e
'rcs 'RCH |, 'RCS RCH
I
we YH =TT / // ;
Vig -
l 'ROH

i L 4/ Vi

oA topr || loga | loez
e t
tcac toEZ tAA
™ tAA tOFF
{RAC 'AQH 'caC
Vou ™ 7 Valid Data > R
DQ1 ~DQ4 VoL - \ | "< -out
oLz [ cLz
Valid Data  Valid Data E Z ZI Don't care
-out -out
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® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

AO ~ A8

[T E—

'RASC

Vi — -
" tASR 'RAH t 'CAH i3
CAH RAL
ViH— I
ROW COLUMN COLUMN cowmv X/ /////]/]//
Vi — /
" 'AWR tcp tcrRP |
t 1
tRap  |'"ASC | tcsc | tasc csC . tcp RSH |
Vig— }—\
" RCD S
ViL— —
tcsH
cs s
'wcs twee| 'wi twes W
Vin— R wcH '
wp \ WP wCs
v — / /

'wCR

T T T T T T 77T

ViL—

RAS

AO ~ A8

o
m

0Q1 ~DQ4

DHR
ps ton |0 IDH
ViH— = " n =
oar~oae , /7/7TTTTN e b b
m Don't care
@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
'RASC tRp
\\//IH: Z -\
" 'ASR 'RAD
‘RAH tRAL
_ = .
i D‘ ROW COLUMN COLUMN K/// cowmwiv //////////
- tAsC ICAH|  tacs ICAH tAsC ‘EA_H_
TAWR TRWL
'RCD
Vig— tcwL
e \TWP 'sc
wes | tWeH! | tw twp tw) we
TN N /[
* 'WCR
'RSWD
ViH— 7
- L T T
DHR
t t 1 DH tbs| | 'OH
ViH=7 - ValidDH - Va;_.' Vaiid
viL— k_Data_in_4 X Data-in Data-in ///////[/
m Don't care
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STATIC COLUMN MODE READ/WRITE CYCLE

-# MSM514258A

'RP
== - B tRASC
RAS VM \
ViL -
'ASR 'RAH
A0 ag YHT Row Column Column X/////// /
ViL - v
'RAD tcAH
'SsRwC tRAL el
== VIH- 'LWA.D tRWL h
cs
oL - \ '
'RCD 'cwp }
tAWD N tAwD fowL
WP ot
— V - +
WE 'IH ,
ViL - {RWD \ ; /
OEH |
!
EVARARRRARRRNY |
O '0ED
ViL -\ 7tOED 'AL\IN
OEA t tAA t
tcAC DS } OEZ|
{RAG e tAA toEz ton ,'OW |logA
VI/oH™, vora
DQ1 ~DQ4 a Valid
Vi/oL - X X
voL tcLz st _Data-in_J s Data-In
Data-out Data-out Don't care
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

—V
RAS H
ViL -
ViH =
o W7 77X oo XITTH e W77
viL - . 4
lasc| |_tcaH
tLwap
Ts ViH- K tAHLW
ViL -
tawp
‘cwp
t
wE ViH - \ wP
ViL — ! tow
tALW
1
= WL
OE
ViL - :
OEA
t o s, | -0EA 'AOH
CAC
1 '0ED| | | 'OH 'AA "
© AOH
AA |
Vi/oH - 4 p -
Valid Valid Valid
bat NDQ“"/ Data-out Data-in Data-out
/0L - s
IcLz
I
(READ) N (WRITE) N (READ)
I I T '
m Don't care
RAS ONLY REFRESH CYCLE
'RC
'RP
v 'RAS
RAS H ™
Vie |

ICRP !
e 1"3&1%
5 VK- ’
[
Vi - \_/

tASR ; |'RAH

s

o vl TN e XTI TTTTTTTTINC

Don't care

Notes: WE, OE = Don't care
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CS BEFORE RAS AUTO REFRESH CYCLE

'RC
trP 'RAS rp

— V -
RAS ' H / /
ViL - tRPC 'RPC

tcen | lCSR {CHR tcPN
Ts YW~ /
cs
ViL -
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{OFF
e

OPEN
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HIDDEN REFRESH READ CYCLE
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HIDDEN REFRESH WRITE CYCLE

e T T T T
T TN YT I
= 777777 LTI TTITTTTTITTITT,

s o
- EZ] Don't care
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CS BEFORE RAS REFRESH COUNTER TEST
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OKI semiconductor
MSM514100

4,194,304-WORD x 1-BIT DYNAMIC RAM: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The MSM514100 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit.
The technology used to fabricate the MSM514100 is OKl's CMOS silicon gate process technology.
The device operates at a single + 5V power supply. Its I/O pins are TTL compatible.

FEATURES
e Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell

® 4,194,304 word by 1 bit organization

e 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP
® Family organization
Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating Standby
trac [ taa | tcac (MAX) (MAX)

MSM514100-8 80ns|40ns| 20ns 160 ns 495 mW
MSMS514100-8A 80ns|40ns| 25ns| 160 ns 495 mW (MOS Tevel)
MSM514100-10 100ns| 50ns| 25ns 190 ns 440 mW

® Single +5V supply, + 10% tolerance

® Input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

o Refresh: 1024 cycles/16 ms

® Common I/O capability using "Early Write” operation

o CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
® Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
AO0toA10 | Address Input
~ D [1] 6] Vs
— * —— ——
Diy E %vss WE [2] 25 Dour /;9 % %CAS RAS Row Address Strobe
WE [2 171 Doyr  RAS 3] pacas OV 4] vgq —
RAS[3] g g CAs N3] s b3 N.C. RD.L“g E s [Bwe cAs Column Address Strobe
AS |7
a0[@ S [gA9*  Al0[5] S pnor G S 8] a10 - A
* = * piN - iy ata Inpu
:?*% g %23' a3 S fEaer 2O L 2 %Zf" - :
* = * S A2* 13 g D Data Output
A2*[7] = [FA6* a*fd S [Fart S 14 a3+ out P
arE " [ast ard C oEas Ve I B g ace
L Az"lL L AS* [17 WE Write Enable
Vee B [@ast  a3+[2 15| As* A I3 g A6*
Vee 3 14 Aa* 2d Ag*
18 PIN DIP Vee Power Supply < +5V>
26 PINSOJ 20 PIN ZIP
Vs Ground <0V>
N.C. No Connection
* Refresh Address
FUNCTIONAL BLOCK DIAGRAM
RAS > Timing
Generator
—_— Timing
A T > D Generator
N Write
Column Column Clock  f€———Wg
_| Address / Decoders Generator
Buffers
A0
| [ Internal Refresh < 10 > Output
Address [<€ Control Clock Sense Amps | Selector [—s Buffer Doyt
A10 Counter
— Row _'l_ 1 3]
Row Word
Address De- Driv- Memory
Buffers cod- ers _ Cells Input
ers [ Buffer O
Vet oo
Vss ———
_,l On chip Ves —|
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin i Ta=25°C ~1.0t0+7.0 v 1
relative to Vss
Short circuit output los Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 w 1
Operating Topr - Oto +70 °C 1
temperature
Storage temperature Tstg - -55to +150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Vee 4.5 5.0 5.5 \' 2
Supply Voltage
PP Vss 0 0 0 \
Input high voltage Vi 2.4 - 6.5 " 2
Input low voltage Vi -1.0 - 0.8 Vv 2

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

exceeded. Functional operation should be restricted to the conditions as detailed
Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

in the operational sections of this data sheet.

2. Allvoltages are referenced to Vggs.
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DC CHARACTERISTICS
(Vcc=5V+10%,Ta=0to +70°C)

n MSM514100 =

MSM MSM MSM
Parameter symbol| Conditions 514100-8 |514100-8A | 514100-10 Unit { Note
MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage VoH [lon==-50mA [ 24| Vcc | 28 | Ve | 2.4 | Ve
Output low voltage VoL [lou=42mA 0 0.4 0 0.4 0 0.4
OV=VIS6.5V;
Il other pi
Input leakage current | I :of’znzre‘:'"s -10| 10 |-10| 10 |=10| 10 | pA
test=0V
Qutput leakage Doyr =disable
Curmont Lo | oo ey [ =10 10 | =10 10 |-10| 10 | pA
Average power RAS, CAS
supply current lcct | cycling, - 90 - 90 - 80 | mA 1,2
(Operating) tac = Min
RAS=Vjy |TTL | - 2 - 2 - 2
| | mA
Doyr=Hz [MOS | — 1 - 1 - 1
Average power RAS cycling,
sgggly current lccz | CAS=Viy - 90 - 90 - 80 | mA 1,2
(RAS only refresh) tac=min
Power supply current RAS = Vi B _ N -
(Standby) lccs BAS =V, 5 5 5 mA 1
out = enable
Average power .
supply current__ RAS cycling,
(C%E E\;efore RAS lcce CAS beforeRAS | . - 90 - 80 mA !
refresh)
Average power RAS=Vy,
supply current lcc7 | CAS cycling - 80 - 80 - 70 mA 1,3
(Fast page mode) tpc = min

Notes: 1. Iccis dependent on output loading and cycle rates.

with the output open.
2. Address can be changed once or less while RAS = V.
3. Address can be changed once or less while CAS = V.

Specified values are obtained

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A10, Dyy) CiNg - - pF
Output capacitance (Doyr) Cout - - pF
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AC CHARACTERISTICS

(Vcc=5V110%,Ta=0to +70°C) Note 1,2, 3, 10, 11
MSM MSM MSM
Parameter symbol | 514100-8 |514100-8A | 514100-10 | | h oo
MIN | MAX | MIN [ MAX | MIN | MAX
Random read or write cycle time trc | 160 | - 60| - 190 | - ns
Read/write cycle time tawc | 185 - (190 - 1220 - ns
Fast page mode cycle time tpc | 55 - 55 - 65 - ns
Fast page mode read/write cycle time tprwe | 80 - 80 - 95 - ns
Access time from RAS taac | - | 80 | - | 80 | - | 100 | ns | 4.5
Access time from CAS tecac| - 1 20| - | 25 | - | 25 | ns |45
Access time from column address taa - 40 _ 40 - 50 | ns |4.6
Access time from CAS precharge teea | - 45 - 45 - 55 |{ns| 4
Output low impedance time from CAS tciz | O - 0 - 0 - ns | 4
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns | 7
Transition time tr 3 50 3 50 3 50 | ns | 3
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tgp | 70 - 70 - 80 - ns
RAS pulse width tras | 80 |10,000] 80 [10,000| 100 {10,000| ns
RAS pulse width (Fast page mode) trasp | 80 (100,000, 80 }100,000 100 {100,000, ns
RAS hold time trsy | 20| - [ 25| = |25 | - |ns
CAS precharge time tep | 10 - 10 - 10 - ns
CAS pulse width teas | 20 {10,000] 25 |10,000] 25 |10,000{ ns
CAS hold time tesy | 80| - |80 ] - [100| - |ns
CAS to RAS precharge time tcrp | 10 - 10 - 10 - ns
RAS to CAS delay time treo | 22| 60 | 25| 55 [ 25| 75 [ns | 5
RAS to column address delay time trRap | 17 | 40 | 20| 40 [ 20 | 50 | ns | 6
Row address set-up time tasr | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tar | 60 - 60 - 75 - ns
Column address to RAS lead time traL | 40 - 40 - 50 - ns
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AC CHARACTERISTICS (Continued)

MSM MSM MSM

Parameter symbol 514100-8 [514100-8A | 514100-10 | , . Note

MIN | MAX | MIN | MAX [MIN | MAX

Read command set-up time tres | O - 0 - 0 - ns
Read command hold time trew | O - 0 - 0 - ns | 8
Read d hold ti f eto

R—?s comman o Ime reterenc tRRH 10 _ 10 _ 10 _ ns 8
Write command set-up time twes | O - 0 - 0 - ns | 9
Write command hold time twen | 15 - 15 - 20 - ns
Write command hold time from RAS twcr [ 60| - | 60| - 75| - |ns
Write command pulse width twe | 15 - 15 - 20 - ns
Write command to RAS lead time tawe | 20| - [ 25| - |25] - |ns
Write command to CAS lead time tewe | 20 - 25 - 25 - ns
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time ton | 15 - 15 - 20 - ns
Data-in hold time from RAS tour {60 | - [60 | - [ 75| - |ns

CAS to WE delay time tewp | 20| - | 25| - | 25| - |ns| 9
Column address to WE delay time tawp | 40 ] - |40 | - | 50| - |[ns| 9
RAS to WE delay time thwp [ 80 | - [ 80 | - [100] - |ns| 9
CAS active delay time from RAS trec | 10 _ 10 _ 10 _ ns
precharge

RAS to CAS set-up time (CAS before tesr | 10 B 10 _ 10 _ ns
RAS)

‘RAS to CAS hold time (CAS before RAS) | teur | 20 - 20 - 20 - ns

CAS precharge time (Refresh counter tepr | 40 _ 40 _ 50 _ ns
test)

WE to RAS precharge time (CAS before twre | 10 _ 10 _ 10 _ ns
RAS)

WE hold time from RAS (CAS before twa | 20 _ 20 _ 20 _ ns
RAS)

RAS to WE set-up time (Test mode) twsk | 10| = {10 = [10] - [ns

RAS to WE hold time (Test mode) twhr | 20 - 20 - 20 - ns
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Notes: 1.

An initial pause of 200 ps is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle)
before proper device operation is achieved.

In case of using internal refresh counter, a minimum of eight CAS before RAS
initialization cycles is required.

The AC characteristics assume tt =5 ns.

Vi4 (min.) and V,_ (max.) are reference levels for measuring of input signals. Also,
transition times are measured between V) and V..

Measured with a load circuit equivalent to 2TTL loads and 100pF.

Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trep
(max.) is specified as a reference point only; if tgep is greater than the specified
trep (Max.) limit, then access time is controlled exclusively by tcac.

Operation within the tgap (max.) limit insures that tgac (max.) can be met. tgap
(max.) is specified as a reference point only; if trap is greater than the specified
trap (Max.) limit, then access time is controlled exclusively by taa.

torr (max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either trry OF trcn must be satisfied for a read cycle.

twes, tewp, trwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twes = twes (min.)
the cycle is an early write cycle and the data out will remain open circuit (high
impedance) throughout the entire cycle; if tcwpZtewp (Min.), trwo = trwd
(min.) and tawp=tawp (min.), the cycle is read/write cycle and data out will
contain data read from the selected cell; if neither of the above sets of
conditions is satisfied, the condition of the data out (at access time) is
indeterminate.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle.
This mode is latched and remain in effect until the exit cycle is generated.

The test mode specified in this data sheet is 8-bit parallel test function.

RA10, CA10 and CAOQ are not used. In a read cycle, if all internal bits are equal,
the data output pin will indicate a high level. If any internal bits are not equal,
then data output pin will indicate a low level.

The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CAS before RAS
refresh cycle.

In a test mode read cycle, the value of access time parameters is delayed for 5 ns
for the specified value. These parameters should be specified in test mode cycles
by adding the above value to the specified value in this data sheet.
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OKI semiconductor

MSM514102

4,194,304-WORD x 1-BIT DYNAMIC RAM:
STATIC COLUMN MODE TYPE

GENERAL DESCRIPTION

| The MSM514102 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit.
The technology used to fabricate the MSM514102 is OKl's CMOS silicon gate process technology.
The device operates at a single + 5V power supply. Its I/O pins are TTL compatible.

FEATURES

® Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell

® 4,194,304 word by 1 bit organization
® 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP

® Family organization

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating Standby
trac | tan | teac (MAX) (MAX)
MSM514102-8 80ns|40ns| 20 ns 160 ns 495 mwW
MSM514102-8A 80ns|40ns| 25ns |  160ns 495 mW (Nfbss’}‘e‘{,‘gl)
MSM514102-10 100ns{ 50 ns| 25ns 190 ns 440 mW

Single +5V supply, *+ 10% tolerance

® Input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

® Refresh: 1024 cycles/16 ms

® Common I/O capability using “Early Write"” operation

o CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability
® Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
AO0to A10 | AddressInput
— Ow [T Rel Vss
\/ —_— A9* [1 — —_—
Din E E Vss  WE [2] b5] Dour o % % cs RAS Row Address Strobe
WE 2 17D RAS[3 cs out alv
e j_OUT El z pa ow [5] z 5] 55 — ]
RaS] = hgcs  nc[f] FopINC e G S W cs Chip Select Input
A10[3] £ [[JA9*  A10[5] S pan9 NC 3] < 18] a0
AO:E E E]As: = o %NC" Diy Data Input
1 * N * hard
INMI 2 i3A7* a0t[3] o [BAs a2 12 A1
A7l © [dae* a1 § 7 a7* Vee g 5 ha A3* Dourt Data Output
A3*E a A5 A2* [ 16| A6* A(;.sc‘k E5 3 [ig asr — .
Vee IE E Ad* A3*[3 EI AS* e @ E AG* WE Write Enable
Ve 13 14 Aa* pd n8*
18 PIN DIP Vee Power Supply < +5V>
26 PINSO)J 20 PIN ZIP
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* Refresh Address
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin vt Ta=25°C -1.0t0+7.0 v 1
relative to Vs
Short circuit output los Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 w 1
Operating Topr - Oto +70 °C 1
temperature
Storage temperature Tstg - -55to +150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Ve 4.5 5.0 5.5 \Y 2
Supply Voltage
Vss 0 0 0 Vv
Input high voltage Viy 24 - 6.5 Vv 2
Input low voltage Vi -1.0 - 0.8 Vv 2
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Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to the conditions as detailed
Exposure to absolute maximum

in the operational sections of this data sheet.
rating conditions for extended periods may affect device reliability.

2. Allvoltages are referenced to Vss.



DC CHARACTERISTICS
(Vec=5V10%,Ta=0to +70°C)

s MSM514102 =

MSM MSM MSM
Parameter symbol| Conditions 514102-8 | 514102-8A | 514102-10 | ;i | Note
MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage Vou [lon=-50mA | 2.4 | Vec | 2.4 | Vec | 24 | Ve
Output low voltage VoL |lo.=4.2mA 0 |[04]| 0| 04 0 0.4
0V~ VI<6.5V;
all other pins -
Input leakage current Iy not under -10[ 10 [-10f 10 [-10{ 10 pA
test=0V
Output leakage Dgyr = disable
current Lo OV VO<55V -10| 10 |-10| 10 [-10| 10 pA
Average power RAS, CS
supply current lect | cycling, - 90 - 90 - 80 mA 1,2
(Operating) tae = Min
Power supply current | | %SAS_=VV|H - 2 B 2 B 2 mA
(Standby) cc2 Y
Dour=Hz [MOS| _ 1 - 1 - 1 mA
Average power RAS cycling,
supply current lccs [ CS=Viy - 90 - 90 - 80 | mA 1,2
(RAS only refresh) tpe = min
Power supply current | | RAS = Vi
ccs | CS =V, - 5 - 5 - 5 mA 1
(Standby) Dour ='Lenable
Average power J—
supply current_ RAS cycling, _ _ B
before RAS 1cC6 | &5 before RAS 90 90 80 | mA 1
refresh)
Average power RAS =V,
supply current lccg | CS=V, - 80 - 80 - 70 mA 1
(Static column mode) tgc = min

Notes: 1. Iccis dependent on output loading and cycle rates. Specified values are obtained
with the output open.

2. Address can be changed once or less while RAS = V.

CAPACITANCE

(Ta=25°C, f=1MHz)

Parameter Symbol Conditions TYP MAX Unit
Input, capacitance (A0 to A10, Diy) Cing - - pF
Input capacitance
(RAS, TS, WE) Cinz - - pF
Output capacitance (Doyr) Cout - - pF
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AC CHARACTERISTICS

(Vcc=5V110%,Ta=0to +70°C) Note 1,2,3, 11,12
MSM MSM MSM
Parameter symbol 514102-8 [514102-8A [ 514102-10 unit | Note
MIN [ MAX [ MIN | MAX | MIN | MAX
Random read or write cycle time tre | 160 | - 160 | - 190 | - ns
Read/write cycle time trwe [ 185 - 190 - 220 - ns
Static column mode cycle time tsc | 45 - 45 - 55 - ns
Static column mode read/write cycle time |tsgwc | 70 - 70 - 80 - ns
Access time from RAS thac | - | 80 | - | 80 | - | 100 | ns |a5.6
Access time from CS teac| - | 20 | - | 25 | - | 25 [ ns |45
Access time from column address taa - 40 - 40 - 50 | ns (46,7
Access time from last write taww | - 75 - 75 - 95 | ns (4,7
Data output enable time reference to WE tow | - 20 - 25 - 25 | ns
Output low impedance time from €S taz | 0| - 0| - 0| - |ns| 4
cD;tuar::ta%kétrZ;)sld time reference to taon | 5 _ 5 _ 5 _ ns
Data output hold time reference to WE twon | O - 0 - 0 - ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns | 8
Transition time tr 3 50 3 50 3 50 | ns
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tep |70 - |70 - |8 | - |ns
RAS pulse width tras | 80 |10,000| 80 |10,000{ 100 |10,000| ns
RAS pulse width (Static column mode) trasc | 80 [100,000] 80 [100,000] 100 [100,000 ns
RAS hold time tgy | 20| - |25 - | 25| - | ns
CS precharge time tep [10] - 10| - 10| = |[ns
CS pulse width tcs | 20 100,000 25 {100,000, 25 [100,000] NS
CS hold time tes | 80| - |80 | - [100]| - |ns
CS to RAS precharge time tegp | 10| = |10 - [10] = |ns
RAS to CS delay time trep | 22 | 60 | 25| 55 | 25| 75 [ ns| 5
RAS to column address delay time trap | 17 | 40 | 20| 40 |20 [ 50 | ns | 6
Row address set-up time tasr | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
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AC CHARACTERISTICS (Continued)

MSM MSM MSM
Parameter symbol 514102-8 |514102-8A | 514102-10 unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
%_Ig;m;:??ga;s&;ld time reference to taws | 60 B 60 _ 75 N
g_:lgumn address hold time reference to tan | 95 _ 95 - ns| - ns
Column address to RAS lead time traL | 40 - 40 - 50 - ns
%J'r;:zcahdac:'rgeess hold time reference to tan | 10 B 10 _ 10 — s
_@V%umn address hold time reference to taniw| 75 _ 75 _ 95 _ ns
Last write to column address delay time tiwap| 20 | 35 | 20| 35 | 25| 45 [ns | 7
Read command set-up time tres | O - 0 - 0 - ns
Read command hold time reference to C5 | trey | O - 0 - 0 - ns | 9
ﬁiAan command hold time reference to tan | 10 _ 10 _ 10 _ ns | 9
Write command set-up time twes | O - 0 - 0 - ns | 10
Write command pulse width twp | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 60| - | 60| - | 75| - |ns
Write invalid time twi | 10 - 10 - 10 - ns
Write command hold time (Dout disable) | twy | O - 0 - 0 - ns | 10
Write command to CS lead time tewe [ 20| - | 25| - | 25| - |ns
Write command to RAS lead time tawe | 20| = | 25| - [ 25| - |nms
CS to WE delay time tewp | 20| - | 25| - | 25| - |ns| 10
Column address to WE delay time tawp | 40 | - | 40| - [50]| - |ns| 10
RAS to WE delay time tawp | 80 | - | 80| - |100] - |ns |10
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time tow | 15 - 15 - 20 - ns
Data-in hold time from RAS tonr | 60 - 60 - 75 - ns
CS active delay time from RAS precharge | tgpc | 10 | - [ 10| - | 10| - |ns
RAS to CS set-up time (CS before RAS) tesg | 10| - | 10] - 10| - |ns
RAS to CS hold time (CS before RAS) teur |20 - |20 - 20| - |nms
CS precharge time (Refresh counter test) tepr | 40 - 40 - 50 - ns
XVZAES';O RAS precharge time (CS before twre | 10| = |10 | = [10] = |ns
WE hold time from RAS (CS beforeRAS)  |twru | 20 | = | 20| - | 20| - |ns
RAS to WE set-up time (Test mode) twse | 10| - [ 10| - |10 - |ns
RAS to WE hold time (Test mode) twir | 20 | - | 20| - | 20| - | ;s
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Notes: 1.

1.

An initial pause of 200 ps is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle)
before proper device operation is achieved.

In case of using internal refresh counter, a minimum of eight CS before RAS
initialization cycles is required.

The AC characteristics assume ty = 5ns.

Vig (min.) and V,_ (max.) are reference levels for measuring of input signals.
Also, transition times are measured between V, and V.

Measured with a load circuit equivalent to 2TTL loads and 100pF.

Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trep
(max.) is specified as a reference point only; if trcp is greater than the specified
trcp (Max.) limit, then access time is controlled exclusively by tcac.

Operation within the tgap (max.) limit insures that tgac (max.) can be met. tgap
(max.) is specified as a reference point only; if trap is greater than the specified
trap (Max.) limit, then access time is controlled exclusively by taa.

Operation within the tywap (max.) limit insures that taw (max.) can be met.
tiwap (max.) is specified as a reference point only; if tywap is greater than the
specified tywap (max.) limit, then access time is controlled exclusively by taa.

tore (max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either trry Or trcy must be satisfied for a read cycle.

twces: twe, tcwp, trwp and tawp are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only; if twcs= twcs
(min.) and twy = twy (Min.), the cycle is an early write cycle and the data out will
remain open circuit (high impedance) throughout the entire cycle; if
tewp = tewp (Miny), trwp = trwp (Min.) and tawp=tawp (min.), the cycle is
read/write cycle and data out will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied, the condition of the data out
(at access time) is indeterminate.

The test mode is initiated by performing a WE and CS before RAS refresh cycle.
This mode is latched and remain in effect until the exit cycle is generated.

The test mode specified in this data sheet is 8-bit parallel test function.

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal,
the data output pin will indicate a high level. If any internal bits are not equal,
then data output pin will indicate a low level.

The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CS before RAS
refresh cycle.

In a test mode read cycle, the value of access time parameters is delayed for 5 ns
for the specified value. These parameters should be specified in test mode cycles
by adding the above value to the specified value in this data sheet.
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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CS BEFORE RAS AUTO REFRESH CYCLE
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HIDDEN REFRESH WRITE CYCLE
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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OKI semiconductor

MSM514400

1,048,576-WORD x 4-BIT DYNAMIC RAM: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The MSM514400 is a new generation dynamic RAM organized as 1,048,576 words by 4 bits.
The technology used to fabricate the MSM514400 is OKI’s CMOS silicon gate process technology.
The device operates at asingle +5V power supply. Its I/O pins are TTL compatible.

FEATURES

® Silicon gate, quadruple polysilicon CMQS, 1 transistor memory cell

® 1,048,576 word by 4 bit organization

® 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP

® Family organization

Family Access Time Cycle Power Dissipation
(MAX) Time Operating Standby
trac | tan | teac | toea | MIN) (MAX) (MAX)
MSM514400-8 80ns[40ns{20ns|20ns| 160 ns 495 mW
MSM514400-8A 80ns|40ns|25ns| 25ns| 160ns | 495 mw (Nfgs'};\f,"e,)
MSM514400-10 100ns| 50ns|25ns| 25ns| 190 ns 440 mW

® Single +5Vsupply, *10% tolerance

® Input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

® Refresh: 1024 cycles/16 ms

e CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability

® Multi bit test mode capability

® Built-in Vgg generator circuit
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2 MSM5144001

PIN CONFIGURATION (TOP VIEW)

Pin Names Function
A0 to A9 Address Input
0Q1[T] 6l Vss o —
DQ1[7] Vss  DQZ] b5l DQ4 003 [ Zl CAS RAS Row Address Strobe
DQ2[7] DQ4 WE[] . pdoq3 5 4] pQa ———
WE 3 5 1gDbQ3 RAS[Z] @ agés DS(;Z o 5 6] 0Q1 CAS Column Address Strobe
RS < [ACAS a9*[5] S pJoE == < [B]WE
A [5] 4 OE = Ras 8] @ id A9* DQ1toDQ4 | Datain/Data Out
* S
rorE] R [Fast o[ & [@asr 20 b 5 @arr —
A [F] S A7* arrfd 2 fF a7 a* g 8 4 a3+ OE Output Enable
a2 ©w Vee g 3
A2 [B] ¥ [FA6* a2 e A6* L 1g Aa* — A
A3* [ As* a3+ 13 As* AS E g A6+ WE Write Enable
A7* 119
V, A4* [ 4] AG* AB*
g Vee I3 14 pd Vee Power Supply < +5V>
20 PIN DIP 26 PINSOJ 20PINZIP
Vss Ground <0V>
* Refresh Address
FUNCTIONAL BLOCK DIAGRAM
RAS > Timing
Generator
—_— Timing
CAS f D Generator
N Write
Column Column Clock  |e———"F
_| Address |/ Decoders Generator
Buffers
r— OE
A0 -
| Internal Refresh 110 > Output
Address [ Control Clock Sense Amps Selector |— Buffers
A9 Counter
\
@ 1 \ 0Q1
( |
< Row > —>1 DQ4
| W
Address \ Row qr?
Buff De- Driv. Memory
uffers L /] cod- ers Cells
ors N — Input
Buffers
Vet g
Vgs ——
_)‘ On chip Ves
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin _oco _
relative to Vg vT Ta=25°C 1.0to+7.0 \Y 1
Short circuit output los Ta=25°C mA 1
current
Power dissipation Ppo Ta=25°C w 1
Operating o
temperature Topr - Oto +70 C 1
Storage temperature Tstg - -55t0 + 150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Vee 45 5.0 55 Vv 2
Supply Voltage
P Vss 0 0 0 \
Input high voltage Viy 24 - 6.5 Vv 2
Input low voltage Vi -1.0 - 0.8 Vv 2

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to the conditions as detailed
Exposure to absolute maximum

in the operational sections of this data sheet.
rating conditions for extended periods may affect device reliability.

2. All voltages are referenced to Vsg.
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DC CHARACTERISTICS
(Mcc=5V+10%,Ta=0to +70°C)

s MSM514400 =

MSM MSM MSM
Parameter symbol| Conditions 514400-8 | 514400-8A | 514400-10 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage Vou |lon==-50mA | 2.4 | Vcc | 2.4 | Vec | 2.4 | Ve
Output low voltage VoL |[lor=4.2mA 0 0.4 0 0.4 0 0.4 Vv
OV VI<65V;
all other pins
Input leakage current Iy not under -10f 10 {-10f 10 |[-10f 10 pA
test=0V
Output leakage DQ; = disable _ _
current Lo OVEVOS5SY -10{ 10 10| 10 10| 10 PA
Average power RAS, CAS
supply current lcct | cycling, - 90 - 90 - 80 mA 1,2
(Operating) tpe = Min
Power supply current | -z%i\//'" - 2 B 2 - 2 mA
(Standby) cc2 50 o
Q=Hz |MOS| — | 1 - 1 -1 1 | mA
Average power RAS cycling,
supply current lccz | CAS=V - 90 _ 90 _ 80 mA 1,2
(RAS only refresh) tRc=mil:
Power supply current | | RAS =Viy
ccs | CAS =V - 5 - 5 - 5 mA 1
(Standby) DQ = enable
Average power —
supply current__ RAS cycling, _ B _
(CAS before RAS 1cC6 | Ea3 before RAS 90 90 80 | mA | 1
refresh)
Average power RAS =V,
supply current lcc7 | CAS cycling - 80 - 80 - 70 mA 1,3
(Fast page mode) tpc = min

Notes: 1. Iccisdependent on output loading and cycle rates. Specified values are obtained
with the output open.

2. Address can be changed once or less while RAS = V.
3. Address can be changed once or less while CAS = V.

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A9) Cint - - 6 pF
Output capacitance (DQ1 to DQ4) Cio - = 7 pF
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AC CHARACTERISTICS
(Vcc=5V+10%,Ta=0to +70°C)

Note 1, 2, 3, 10, 11

MSM MSM MSM
parameter symbol 514400-8 |514400-8A | 514400-10 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Random read or write cycle time tec [160| - [160| - [190| - ns
Read/write cycle time trwec | 215 - [220| - |255| - ns
Fast page mode cycle time tpc | 55 - 55 - 65 - ns
Fast page mode read/write cycle time tprwc | 110 - (110} - (130} - ns
Access time from RAS thac | - | 80 | - | 80 | - | 100 | ns | 4,5
Access time from CAS tcac| - | 20 | - | 25 | = | 25 | ns |45
Access time from column address taa - 40 - 40 - 50 | ns |4.6
Access time from OE toga| - [ 20 | = | 25 | = | 25 | ns
Access time from CAS precharge tepa | - 45 - 45 - 55 | ns | 4
Output low impedance time from CAS taz | O - 0| - 0 - | ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns | 7
S_E‘Zo data output buffer turn-off delay toez | 0 1 20 | 0 20| 0|25 |ns| 7
Transition time tr 3 50 3 50 3 50 [ns | 3
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tp | 70| - |70 - |80 | - |ns
RAS pulse width tras | 80 |10,000| 80 |10,000| 100 |10,000| ns
RAS pulse width (Fast page mode) trasp | 80 (100,000 80 [100,000| 100 {100,000 rs
RAS hold time trsy | 20| - | 25| - [ 25| - | ns
'RAS hold time reference to OF tron | 20 - 25 - 25 - ns
CAS precharge time tep | 10 - 10 - 10 - ns
CAS pulse width tcas | 20 |10000| 25 |10,000| 25 |10,000| ns
‘CAS hold time tesy | 80| - |80 | - [100]| - | ns
‘CAS to RAS precharge time terp | 10| - |10 - |10 - |ns
RAS to CAS delay time trep | 22| 60 | 25| 55 | 25| 75 [ns | 5
RAS to column address delay time trap | 17 | 40 | 20| 40 | 20| 50 | ns | 6
Row address set-up time tasr | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tap {60 - |60 - | 75| - |ns
Column address to RAS lead time tpar | 40| - 40| - |50 | - |ns
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AC CHARACTERISTICS (Continued)

MSM MSM MSM
Parameter symbol 514400-8 |514400-8A | 514400-10 unit | Note
MIN [ MAX | MIN | MAX | MIN | MAX
Read command set-up time tres | 0 - 0 - 0 - | s
Read command hold time teec | O - 0 - 0 - ns | 8
giAan command hold time reference to tran | 10 ] 10 _ 10 _ ns | 8
Write command set-up time twes | O - 0 - 0 - ns | 9
Write command hold time twen | 15 - 15 - 20 - ns
Write command pulse width twp | 15 - 15 - 20 - ns
Write command hold time from RAS twer |60 | - | 60| - | 75| - | ns
OE command hold time toen | 20 - 25 - 25 - ns
Write command to CAS lead time tewe | 20 - 25 - 25 - ns
Write command to RAS lead time trwe | 20 - 25 - 25 - ns
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time ton | 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 60 - 60 - 75 - ns
OE to Data-in delay time toep | 20 - 20 - 25 - ns
CAS to WE delay time tewp | 50 | - |[55] - [60] - |ns| 9
Column address to WE delay time tawp | 70 - 70 - 85 - ns
RAS to WE delay time tawp [ 110 = J110) - [135] - |ns i 9
ggi)a\;ti;;g delay time from RAS trec | 10 _ 10 _ 10 _ ns
RAS to CAS set-up time (CAS before RAS) | tesg | 10 | - 10| - (10| = |ns
RAS to CAS hold time (CAS before RAS) tewr 120 - |20 - |20 - |ns
f?j)precharge time (Refresh counter tepr | 40 _ 40 _ 50 _ ns
\é:v__fs';o RAS precharge time (CAS before twre | 10| = [0 ] < [10] = |ns
WE hold time from RAS (CAS before RAS) | twru | 20 | - |20} - | 20| - |ns
RAS to WE set-up time (Test mode) twsg | 10 | - 10| - {10 - |ns
RAS to WE hold time (Test mode) twar | 201 = |20 - 120 - | ns
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254

Notes: 1.

10.

An initial pause of 200 ps is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle)
before proper device operation is achieved.

In case of using internal refresh counter, a minimum of eight CAS before RAS
initialization cycles is required.

The AC characteristics assume ty =5 ns.

Vin (min.) and V) (max.) are reference levels for measuring of input signals.
Also, transition times are measured between V,y and V..

Measured with a load circuit equivalent to 2TTL loads and 100pF.

Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trep
(max.) is specified as a reference point only; if trcp is greater than the specified
trep (Mmax.) limit, then access time is controlled exclusively by tcac.

Operation within the tgap (max.) limit insures that tgac (max.) can be met. trap
(max.) is specified as a reference point only; if tgap is greater than the specified
trap (Max.) limit, then access time is controlled exclusively by taa.

torr (max.) and togz (max.) define the time at which the output achieves the
open circuit condition and is not referenced to output voltage levels.

Either trgry Or trcy Must be satisfied for a read cycle.

twcs, tewp, trwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs = twes (min.)
the cycle is an early write cycle and the data out will remain open circuit (high
impedance) throughout the entire cycle; if tcwp2tcwp (min.), trwp 2 trwp
(min.) and tawp = tawp (min.), the cycle is read/write cycle and data out will
contain data read from the selected cell; if neither of the above sets of
conditions is satisfied, the condition of the data out (at access time) is
indeterminate.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle.
This mode is latched and remain in effect until the exit cycle is generated.

The test mode specified in this data sheet is 8-bit parallel test function.

CAO is not used. In aread cycle, if two internal bits on one I/O pin are equal, the
1/0 pin will indicate a high level. If internal bits on one I/O pin are not equal,
then the I/0 pin will indicate a low level.

The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CAS before RAS
refresh cycle.

In a test mode read cycle, the value of access time parameters is delayed for 5 ns
for the specified value. These parameters should be specified in test mode cycles
by adding the above value to the specified value in this data sheet.



a MSM514400 s

READ CYCLE
s Y \p— e N
tesH
. i'cnp tRCD trsu
PN S (L, N A
Lask | <_)tmu | ltasc | tean traL
A4S Tm = o KR coumn X770 ////////////////

RCH

|lmm
<

K.
| tres
)

v | = — trRoH ’
/////////////////////////////////,, vz
| R - toez Lm
DQ1-DQ4 "° " OPEN ” (" Valid Data-out
“H"or "L"
WRITE CYCLE (EARLY WRITE)
. N S'Rc P T—
RAS W T N ' e N
s
R e | T N e — 4
fast ) e e-nftasc o tRaL j
A0-A9 z:’: - i Rov‘v E@g COIumn'cw ‘ I
%= V0 e ////////////////////////
I | tawe ]

— Vi —

IH
v

- Viy —
0Q1-DQ4 \)1’: -

tOHR
os

ton

Valid Data-in -

—

V] "H" or"L*

255




s MSM514400 =

WRTIE CYCLE (& CONTROL WRITE)
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ/WRITE CYCLE
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CAS BEFORE RAS AUTO REFRESH CYCLE
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